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PBEFAGE 

TO  THE 

THIRD  EDITION  o^  VOL.  I. 


The  sacoesB  of  Colonel  Medley's  compilation  on  the  subject  of  Civil 
Engineering  in  India  has  been  attested  hj  the  rapid  sale  of  two 
Editions  of  this  Work.  Colonel  Medley  had  proposed  to  undertake 
the  labor  of  editing  a  Third  Edition  during  his  furlough  in  Eng- 
land^ but  this  plan  was  negatived  owing  to  the  decision  of  the 
Government  that  the  duty  of  editing  and  publishing  the  '*  Roorkee 
Treatise  of  Civil  Engineering '^  (as  a  text-book  for  the  Engineering 
Colleges  of  India)  should  remain  as  heretofore  in  the  hands  of  the 
College  Staff  at  Boorkee.  Thus^  in  the  absence  of  the  original 
able  Compiler^  the  duty  of  editing  the  Third  Edition  has  devolved 
upon  me. 

This  Third  Edition  contains  some  alterations  and  many  additions, 
to  suit  it  to  the  progress  of  Civil  Engineering  in  this  country,  and 
to  render  it  a  more  complete  text-book  to  the  Student,  and  work  of 
reference  to  the  Eng^eer  in  India:  the  ''Professional  Papers  of 
Indian  Engineering  '^  having  been  laid  under  contribution  to  supply 
descriptions  of  new  processes  introduced  during  the  last  few  years. 

The  'order'  of  the  Sections  have  been  altered  from  ti\at  adopted 
in  the  First  Editions :  in  this  Edition  the  more  difficult  modes  of 
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construction  have  been  made  to  follow  those  of  a  simpler  nature. 
The  Section  on ''  Strength  of  Materials'*  has  been  entirely  re- written 
(by  Capt.  Allan  Cunningham,  R.E.,  Mathematical  Professor  in  this 
College),  and  has  been  placed  at  the  end  of  the  Volume ;  Mathe- 
matical  investigations  in  relation  to  Carpentry  and  Masonry  having 
been  for  the  most  part  eliminated  from  the  Sections  devoted  to  those 
subjects,  and  collected  in  this  final  Section,  in  which  their  strictly 
Scientific  and  Mathematical  (as  opposed  to  their  purely  experimental 
and  practical)  aspect  has  been  considered. 

The  Section  on  ''  Building  Materials''  has  been  carefully  revised, 
and  enlarged  by  the  addition  of  supplementary  matter,  illustrative 
of  improvements  in  manufkcture  during  late  years,  and  the  most 
recent  Indian  practice.  Among  the  additions  made  in  this  Edition 
may  be  noted  Manufacture  of  Artificial  Stone — Mode  of  Blasting 
in  the  Mont  Cenis  Tunnel — Brick-making  by  Machinery — Hoff- 
mann's Brick-kilns — ^New  list  of  Indian  Timber  Trees,  with  data 
relative  to  the  strength  and  elasticity  of  their  wood — and  Improve* 
ments  in  Iron  and  Steel  Manufacture. 

The  Chapter  on  ''Limes  and  Cements"  has  been  enlarged  by  ad- 
ditional information  in  regard  to  hydraulic  cements  and  concretes ; 
materials  which  have  of  late  years  received  increased  attention  from 
Engineers  and  others,  and  are  employed  much  more  extensively 
than  formerly  in  building  operations.  The  writings  of  Mr.  Henry 
Beid,  C.E.,  have  been  consulted  for  the  most  recent  information  on 
this  most  important  subject ;  and  extracts  from  the  recommendations 
of  Colonel  H.  A.  Brownlow,  R.E.,  and  Mr.  P.  Dejoux,  in  regard  to 
cement  manufacture  in  India,  have  been  embodied  in  this  work. 
Reference  has  been  made  to  experiments  in  concrete  building  in 
India,  a  mode  of  construction  which  promises  to  he  much  more  ex« 
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tensively  adopted  in  parts  of  the  country  where  building  stone  is  not 
obtainable,  while  materials  for  concrete  are  abundant. 

More  precise  and  detailed  instructions  in  regard  to  Lime  and 
Mortar  Analysis  have  been  furnished  for  this  work  by  Dr.  Murray 
Thomson.  The  necessity  for  more  intimate  knowledge  of  the  com- 
position of  building  materials,  especially  of  limes,  in  every  part  of 
India,  has  been  demonstrated  by  recent  building  failures  (due  in 
some  cases  to  inferior  jnaterials) ;  and  an  increased  impetus  has  been 
given  to  the  more  careful  study  of  the  local  supply  of  building  ma« 
terials  in  their  immediate  neighbourhood  by  Engineers  in  charge  of 
important  works.  Although  thorough  analysis  cannot  be  conducted 
without  appliances  which  are  not  available  to  many  Engineers,  yet 
it  is  of  advantage  to  know  the  more  simple  and  approximate  me- 
thods, and  to  realize  what  is  required  for  a  more  complete  analysis. 
Before  long,  doubtless,  the  Oovernment  will  arrange  that  more  of  its 
Engineers  shall  be  specially  instructed  in  Chemical  Analysis,  and 
that  at  certain  local  centres  such  qualified  officers  shall  be  located 
and  furnished  with  the  necessary  appliances  to  enable  all  materials 
used  in  building  operations  in  their  neighbourhood  to  be  carefully 
analyzed.  There  seems  to  be  no  reason  why,  if  sufficient  technical 
knowledge  could  be  brought  systematically  to  bear  on  the  subject, 
concretes  and  cements  should  not  be  manufactured  in  India  of  equal 
quality  to  those  used  in  Europe,  and  cheaper  in  cost :  as  exempli- 
fied by  the  Experiments  on  "  Margohi  Cement,  '*  described  in  the 
first  Appendix  of  this  Volume. 

The  Section  on  "  Earthwork,*'  as  descriptive  of  the  simplest  En- 
gineering  operations,  succeeds  that  on  ''  Materials  ;*'  and  contains 
scarcely  any  alterations  from  the  former  Editions. 

In  the  ''  Carpentry ''  Section,  the  Chapter  on  Joints  and  Scarfs 
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bas  been  partly  re- written,  and  tbe  ose  of  ''  wood-cute'^  in  lieu  of 
''  plates ''  for  illustrating  the  various  forms  of  Scarfs  has  been  prefer- 
red as  more  convenient  to  the  Student  for  ready  reference,  ''  Roofs  '^ 
have  been  treated  descriptively  only,  the  Mathematical  investiga- 
tions connected  with  the  Stresses  on  their  component  parts  being 
removed  to  the  Section  on  '*  Strength  of  Materials/'  Under  the  head 
of  Joiners'  Work,  additional  information  has  been  given  in  regard 
to  Staircases,  Doors  and  Windows;  partly  extracted  from  the 
*'  Chatham  Architectural  Course/' 

In  the  section  on  "Masonry/*  the  question  of  bond,  both  of 
Walls  and  of  Arches,  has  been  more  fully  treated  and  illustrated 
with  wood-cuts :  much  additional  matter  has  been  given  in  regard 
to  pile  and  well  foundations,  and  the  several  processes  now  employed 
in  India  for  well-sinking  and  excavations,  such  as  Fouracres',  Bull's, 
and  Webb's  Dredgers :  and  in  the  Chapter  on '  Retaining  Walls,'  the 
latest  forms  recommended  for  high  walls  by  the  French  Engineers 
and  Professor  Rankine  have  been  described. 

In  regard  to  the  Section  on  "  Strength  of  Materials,"  which  is 
entirely  new,  (and  for  which  I  am  indebted  to  that  able  Mathema- 
tician, Captain  Allan  Cunningham,  R.E.)  I  would  refer  the  reader 
to  the  prefaces  to  Section  V.,  and  Chapter  XXVI.,  for  an  explana- 
tion of  the  scope  of  the  Section.  It  is  proposed  to  collect  into  one 
Section,  written  by  one  Author  and  with  one  uniform  notation, 
all  Mathematical  investigations  which  relate  to  the  several  branches 
of  Engineering  discussed  in  this  Treatise.  Hitherto  such  investi- 
gations have  been  independently  written  by  the  Authors  of  the 
several  Manuals  and  Sections  of  which  the  Treatise  was  originally 
compiled:  so  that  a  diflFerent  notation  and  mode  of  treatment 
occurred  in  different  parts  of  the  work  for  very  similar  Engineering 
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problems.  This  has  been  corrected  in  this  Third  Edition  of  the 
First  Volame^  and  it  is  hoped  that  in  the  Third  Edition  of  the  Second 
Volume^  the  proposed  plan  may  be  carried  out  in  its  full  integrity; 
a  second  part  of ''  Section  V/'  being  compiled  to  comprise  all  the 
Mathematical  investigations  now  scattered  through  that  Volume, 
re-written  with  a  uniform  notation,  and  treated  in  a  manner  simi- 
lar to  that  adopted  in  this  New  Edition  of  the  First  Volume. 

These  two  parts  of  Section  V.  of  the  Treatise,  will  thus  form  a 
complete  Manual  of  **  Applied  Mechanics  ^*  in  connection  with  this 
Treatise  on  Indian  Engineering. 

In  the  Afpbndix  additional  information  in  regard  to  the  Manu- 
fiicture  of  Cement  in  India  has  been  given,  extracted  from  reports 
by  Col.  H.  A.  Brovmlow,  B.E.  and  Mr.  P.  Dejoux :  several  useful 
tables  of  powers,  weights,  strength  of  materials,  &e.,  (in  connection 
with  Section  V.,)  have  been  inserted ;  and  the  "  Technical  Vocabu- 
lary *'  has  been  partly  re-arranged,  and  entirely*  re-writfcen  in  accord- 
ance with  the  Hunterian  mode  of  spelling. 

ROORKEE,      ^  A.  M.  L. 

FOruary,  1878 


.} 


•  By  Captain  Allan  Connlngham,  B  JS. 


PREFACE    TO    SECOND    EDITION, 


The  First  Edition  of  Volume  I.  has  been  exhausted  rather 
sooner  than  I  had  anticipated^  and  I  have^  in  consequence^  been 
more  hurried  in  the  preparation  of  a  Second  Edition  than  T  could 
have  wished.  It  will^  however,  I  think,  be  found  an  improvement 
on  its  predecessor. 

In  the  Section  on  Building  Materials,  a  paragraph  has  been 
added  on  the  Manufacture  of  Artificial  Stone ;  and  an  additional 
Chapter  has  been  given  on  Colored  Bricks  and  Tiles.  The  pro- 
cess of  making  the  Hollow  Hexagonal  Tiles,  as  used  in  Sindh,  and 
the  Drainage  Tiles  as  at  Allygurh,  has  also  been  described.  Para- 
graphs on  the  detailed  Analysis  of  Limestone,  and  on  the  Manu- 
facture of  Hydraulic  Lime  at  Kurrachee,  will  be  found.  The  Des- 
criptive Catalogue  of  Indian  Timbers  has  been  revised,  and  many 
new  ones  added,  chiefly  by  the  aid  of  Dr.  Balfour's  valuable  work 
on  the  Timber  Trees  of  India.  Most  of  this  extra  matter  has  been 
taken  from  Vols.  TV.  and  V.  of  the  "  Professional  Papers  on  Indian 
Engineering.*' 

In  the  Section  on  Masonry,  additional  information  has  been 
given  on  the  construction  of  Domes  and  Oblique  and  Gothic 
Arches,  and  on  the  Sand-Pump,  now  used  so  largely  in  sinking 
Foundations. 
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In  the  CaUentey  Section^  a  Chapter  has  been  given  on  Floors^ 
Staircases  and  Partitions.  Several  additional  examples  of  Boofs 
will  also  he  found ;  and  the  information  on  the  subject  of  Joints 
and  Scarfs  has  been  rendered  much  more  complete.  This  valu- 
able additional  matter  has  been  extracted  from  Mr.  Newland's  ex- 
cellent work — "  The  Carpenter  and  Joiners'  Assistant.^' 

* 

To  the  Section  on  Eaetuwo&k  has  been  added  an  abridgement 
of  (yCallaghan's  Tables,  which,  in  a  more  extended  form^  were 
published  at  this  Press  some  time  ago. 

In  the  Appendix  have  been  given  two  or  three  Notes  which  came 
too  late  to  be  inserted  in  the  body  of  the  text — some  valuable 
extracts  and  tables  from  Molesworth's  well  known  Pocket-book,  and 
a  Technical  Vocabulary. 

The  above  additions  comprise  93  extra  pages,  while  several 
Plates  have  also  been  added.  It  has  been  found  necessary,  therefore, 
to  raise  the  price,  from  5  to  6  Bs. ;  but  it  is  hoped  the  additional 
matter  will  be  thought  to  compensate  for  this. 

A  Second  Edition  of  Vol.  II.  (of  which  a  much  larger  num- 
ber of  copies  was  originally  printed  than  of  Vol.  I.)  will  be  put 
in  hand  at  once,  and  will,  I  hope,  be  ready  by  the  time  the  First 
Edition  is  exhausted. 


The  system  upon  which  this  compilation  has  been  made,  ii 
First,  to  lay  down  general  rules  and  principles  in  as  systematic  a 
form  as  the  subject  admits  of.  Secondly,  to  illustrate  the  applica* 
tioQ  of  those  rules  to  practice  by  reference  to  examples  of  Indian 
Engineering  works.  To  take  the  Art  of  Civil  Engineering  out 
of  the  region  of  empiricism,  and  briog  it  to  within  the  confines  of 
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science^  onght  to  be  the  aim  of  every  Engineer,  but  the  principles 
on  which  it  rests  onght  to  be  derived  from  the  resnlts  of  actual 
practice,  and  not  be  mere  a  priori  theories. 

* 

The  Mathematical  investigations  introduced  have  been  made  as 
simple  as  possible  (such  as  involve  the  Calculus,  for  instance,  having 
been  omitted),  but  they  pre-suppose  that  the  Student  has  a  fair 
acquaintance  with  Mathematics,  including  Statics  and  Hydraulics, 
without  which,  indeed,  he  must  simply  work  by  ''rule  of  thumb/' 

Although  this  work  professes  to  be  little  more  than  a  careful 
collation  of  the  results  and  labors  of  others,  it  is  right  to  add  that 
the  compilation  has  been  tested  by  the  experience  gained  in  eleven 
years*  practice  in  the  construction  of  Roads,  Buildings,  Bridges,  and 
Irrigation  Works,  besides  several  years  devoted  to  the  theory  and 
literature  of  the  profession. 

J.  G.  M. 

BOOBKSB,  \ 

lit  February,  1869. ) 


FBEFAGE   TO   VOL«   I. 


Thb  large  demand  for  the  little  Manuals  of  Civil  Engineerings 
compiled  from  time  to  time  at  the  Collegej  chiefly  for  the  use 
of  the  Students^  has  led  me  to  plan  a  comprehensive  Treatise 
on  the  whole  subject,  principally  with  reference  to  Indian  prac* 
tice.  I  have  taken  the  College  Manuals  as  mj  text,  revising 
them  all  carefully  and  adding  such  supplementary  matter  as  I 
have  been  able  to  collect,  illustrative  of  work  actually  executed 
in  India.  This  Treatise  is  therefore,  in  no  sense  a  new  work,  but 
only  a  coherent  whole,  compiled  from  a  number  of  detached  parts ; 
and  a  small  edition  only  has  been  printed,  that  it  may  be  issued 
with  emendations  and  additions  at  no  distant  interval  of  time. 

In  the  present  Volume,  Section  I.,  Building  Materials,  contains 
the  substance  of  the  Manual  with  that  title,  with  a  good  deal  of 
additional  matter  under  the  headings  Sfcone  and  Timber,  the  Chap« 
ter  on  Lime,  &c.,  being  abbreviated  from  the  last  edition  of  the 
Manual  of  that  name. 

Section  II.  comprises  the  whole  of  No.  IL  Manual,  with  an 
additional  Chapter  on  Deflection. 

Section  III.  has  been  compiled  from  No.  VI.  Manual,  and  from 
Mahan  and  other  good  authorities;  with  some  examples  selected 
from  the  Professional  Papers  on  Indian  Engineering. 
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Note  to  Students. 


On  a  first  rcadinf:  of  Section  V.  (Strength  of  Materials),  Students  are  recom- 
mended to  read  as  follows  : — 

Chapter  XXI.      Omit  Art.  470,  Case  IL 

Chapter  XXIL    Read  Art.  478  to  487,  489  to  492. 

Chapter  XXIII.    Read  Art  499  to  528,  530  to  end  of  Chapter. 

Addendum  to  Chap.  XXU  and  XXOI. 

Chapter  XXIV.    Omit  Art  646  to  555. 

Chapter  XXV.    Omit  Art  585  to  589. 

Chapter  XXVL  Read  the  whole. 
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BUILDING    MATEBIAIS. 


The  materials  in  general  nse  for  building  will  be  separately  described 
nnder  the  following  heads : — Stoke,^  Bricks,  Tiles,  Lime,  Cements  and 
Plasters,  Wood,  Metals,  Paints  and  Varnishes, 


CH  APTE  R    I. 

STONE. 

L    The  nse  of  Stone  as  a  building  material  is  limited  bj  local  circnm- 

stances.    The  widely  extended  plains  which  cover  so  large  an  area  in  this 

country,  and  more  particularly  in  the  Upper  Provinces,  for  the  most  part 

furnish  no  materials  adapted  for  this  purpose ;  and,  as  in  other  parts  of  the 

world  similarly  situated  in  this  respect,  the  want  is  supplied  by  the  use  of 

an  artificial  substitute.    The  description  of  limestone,  known  by  the  name  of 

kuTikury  to  be  met  with  pretty  generally  over  a  great  part  of  Hindoostan, 

beneath  the  surface  earth  at  varying  depths,  also  in  the  beds  and  banks 

of  rivers,  and  commonly  existing  in  the  form  of  rough  irregular  nodules 

of  small  size,  is  in  some  places  found  also  in  large  compact  masse?,  and 

has  been  successfully  employed  as  a  building  stone.     But  no  places  where 

it  is  so  employed,  and  where  masonry  works  of  any  extent  are  to  be 

constructed,  are  thereby  rendered  altogether  independent  of  the  artificial 

material;  the  successful  manufacture  of  which  is  a  matter  of  the  first 

importance  in  connection  with  all  works  of  Architecture  and  Engineering. 

There  are,  however,  parts  of  India  where  rubble  stone  is  cheaper  than 
brick,  as  for  instance  in  Rajpootana,  where  the  easily  quarried  and  slab-like 
mica  slate  quite  supersedes  the  use  of  bricks,  and  others,  as  at  Sanger, 
in  Central  India,  where  a  black  soil*  prevails,  in  which  beds  of  clay  fit  for 

•  Thl«  black  soil  i»  generally  gappoaed,  though  nofc  DniverRally  allowed,  to  be  decomposod  bnsiilt. 

The  following  section  of  a  f>baft  in  tkc  block  soil  near  Sangor  ia  given  by  Dr.  Spry,  in  theZud  Vol. 
of  the  Journal  of  the  Aciatic  Society,  page  041  :— 

Sarface  soil  black,  3  feet ;  t<ott  ba«alt,  *J^  feet ;  haxxl  baxnlt,  7  feet ;  soft  basalt,  1^  feet ;  wacko, 
with  nodnlea  of  limestone,  8  feet ;  trayertino  with  imboddod  abellB,  1 1  feet ;  coarM  sUicious  grit,  2 
foet ;  tenit 
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brick-making  are  infrequent;  whilst  for  architectural  purposes,  the  white 
marble  of  Jeypore,  and  the  freestones  of  Agra,  Delhi,  Mirzapore  and 
Chunar,  are  well  known. 

2.  It  is  almost  superfluous  to  say  that  the  choice  of  stone  for  a  building 
intended  to  endure  for  ages  is  of  the  very  highest  importance.  Great 
numbers  of  beautiful  buildings,  in  the  chiseling  of  whose  ornaments  both 
taste  and  labor  have  been  liberally  expended,  are  decaying,  in  consequence 
of  want  of  care  in  this  particular/  The  Cathedral  at  Lichfield,  and  many 
of  the  Colleges  at  Oxford,  are  examples  of  this  neglect,  and  also  of  the 
error  of  not  building  the  stones  in  with  their  lamina?  lying  horizontally  ; 
from  which  cause  the  surface,  in  many  instances,  is  detached  in  large 
flakes.  At  Agra  and  at  Delhi  the  ornamental  tracery  of  many  fine  build- 
ings, including  the  Kootub  Minar,  is  being  fast  obliterated,  from  the  decay 
of  the  red  sandstone  in  which  it  has  been  carved. 

3.  The  qualities  required  in  stone  are  so  yarious,  according  to  the 
nature  of  the  building,  that  no  very  precise  directions  can  be  given,  such  as 
would  exactly  meet  any  particular  case.  Again,  as  any  stone  that  admits 
of  being  quarried  in  suitable  sizes,  will  suit  for  ordinary  buildings,  when 
neither  great  durability  nor  ornamentation  are  required,  or  for  backing  or 
filling  in  more  important  structures,  for  such  work  the  Engineer  need 
only  consider  the  comparative  cost  between  the  varieties  of  stone  pro- 
curable, or  between  stone  and  brick.  If  there  are  no  quarries  opened, 
a  day's  labor  ought  to  be  enough  to  satisfy  any  man  of  sense,  whether 
the  rock  can  be  wrought  or  not  at  a  reasonable  expense.  The  following 
notes,  therefore,  refer  to  the  better  qualities  of  stone,  and  how  they  may 
be  tested. 

"  The  best  '*  always  means  the  best  to  snit ;  what  would  be  required 
for  a  light-house  or  sea-wall  would  not  answer  for  a  highly  finished 
architectural  building  or  for  a  dwelling-house.  The  choice  is  in  most 
cases  further  limited  by  the  cost.  Even  the  climate  of  the  place  may 
be  an  element  in  the  calculation.  Apart  from  all  such  collateral  con- 
siderations, the  question  is  reduceable  to  strength^  durability^  and  facility 
of  working.  The  two  first  are  generally  found  together,  but  not  neces- 
sarily so. 

It  is  only  in  particular  cases,  such  as  for  very  large  arches,  that  the  resist- 
ance to  actual  crushing  need  be  considered ;  the  strength  in  this  respect  of 
even  ordinary  stone  is  greater  than  is  generally  required  of  it ;  and  a 
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stone,  of  wbich  the  durahiUiy  has  been  satisfactorily  proved,  may  be  safely 
trosted  to  resist  pressure. 

By  durability  is  meant,  the  power  to  resist  weathering ;  the  wear  and 
tear  from  atmospheric  causes.  Even  a  small  deficiency  in  this  respect 
will  in  time  spoil  the  appearance,  or  even  impair  the  stability,  of  the  most 
carefully  constructed  edifice. 

The  third  quality  mentioned  is  in  a  manner  negative ;  it  is  to  a  certain 
extent  the  inverse  of  the  others ;  facility  of  being  hammered  or  cut  implies 
either  softness  in  the  subatance  of  the  stone,  or  a  low  degree  of  cohesive- 
ness  between  the  particles  of  this  substance.  It  is  a  common  puzzle  in 
selecting  a  stone,  to  strike  a  medium  between  these  conflicting  qualities ;  a 
difficulty  not  altogether  produced  by  the  limitation  of  price,  for  the  most  en- 
daring  stone  frequently  does  not  admit  of  elaborate  workmanship. 

4.  Stones  Classed* — The  stones  used  in  building  may  be  divided  into 
three  classes,  each  distinguished  by  the  earth  which  forms  its  chief  con- 
Btitaent.    These  are : — 

I.  SiLicious  Stones. 
XL  Argillaceous  Stones. 
III.  Calcareous  Stones. 

5.  I.  SiLicious  Stones  are  those  in  which  silica  is  the  characteristic 
earthy  constituent.  With  a  few  exceptions  their  structure  is  crystalline' 
gramdaTy  and  the  crystalline  grains  contained  in  them  are  hard  and  dur- 
able; BO  that  weakness  and  decay  in  them  generally  arise  from  the 
decomposition  or  disintegration  of  some  softer  and  more  perishable  ma- 
terial, by  which  the  grains  are  cemented  together,  or  by  the  freezing  of 
water  in  their  pores,  when  they  are  porous. 

The  following  are  the  principal  silicious  stones  used  in  building  : — 
1.  Qranite  and  Syenite  are  unstratified  rocks,  consisting  of  quartz,  fel- 
spar, mica,  and  hornblende.  The  name  granite  is  specially  applied  to  those 
specimens  in  which  there  is  little  or  no  hornblende ;  the  name  syenite  to  those 
in  which  there  is  little  or  no  mica ;  but  both  are  popularly  known  as 
granite. 

The  quartz  is  in  the  from  of  clear,  colorless  or  gray  crystals ;  the  horn- 
blende (when  present)  in  dark-green  or  black  crystals ;  the  mica  in  glisten- 
ing scales,  or  grains  composed  of  such  scales ;  the  felspar  in  compact 
opaque  crystals,  of  a  white,  yellowish,  or  fiesh  color. 
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Tho  darability  and  hardness  of  granite  are  the  greater  the  more  quartz 
and  hornblende  predominate,  and  the  less  the  quantity  of  felspar  and  mica, 
which  are  the  more  weak  and  perishable  ingredients.  Smallness  and  lustre 
in  the  crystals  of  felspar  indicate  durability ;  largeness  and  dullness,  the 
reverse. 

The  best  kinds  of  granite  are  the  strongest  and  most  lasting  of  building 
stones.  The  difficulty  of  working  them^  caused  by  their  great  hardness, 
is  only  overcome  by  long  practice  on  the  part  of  the  stone-cutters.  Min- 
ute ornaments  cannot  bo  carved  in  granite,  and  a  simple  and  massive  style 
of  architecture  is  the  best  suited  for  it.  It  is  used  chiefly  in  works  of 
great  magnitude  and  importance,  such  as  light-houses,  piers,  breakwaters, 
and  bridges  over  large  rivers ;  and  for  such  purposes  it  is  brought  from 
great  distances  at  considerable  cost,  the  stones  being  often  cut  to  the  re- 
quired forms  before  leaving  the  quarry,  with  a  view  to  save  expense  in 
carriage,  and  to  obtain  the  benefit  of  the  skill  of  stone-cutters  accustomed 
to  the  material.  It  is  only  in  districts  where  granite  abounds  that  it  is 
used  for  ordinary  purposes. 

2.  (jfneisa  and  Mica  Slate  consist  of  the  same  materials  as  granite, 
in  a  stratified  form.  They  are  found  in  the  neighbourhood  of  granite,  in 
strata  much  inclined,  bent,  and  distorted,  and  often  form  great  mountain 
masses.  Gneiss  resembles  granite  in  its  appearance  and  properties,  but  is 
less  strong  and  durable.  Mica  slate  is  distinguished  by  containing  little 
or  no  felspar,  so  that  it  consists  chiefly  of  quartz  and  mica;  it  has  a  lami- 
nated or  slaty  structure,  and  the  silky  lustre  of  mica;  it  is  a  tough  mate- 
rial in  directions  parallel  to  its  layer,  but  is  more  perishable  than  gneiss. 
Both  these  stones  are  used  for  ordinary  masonry  in  the  districts  where 
they  are  found.  Qneiss,from  its  stratified  structure,  is  a  good  material 
for  flag-stones.  Mica  slate,  spilt  into  thin  layers,  may  be  used  for  cover- 
ing roofs ;  but  it  is  inferior  for  that  purpose  to  clay  slate. 

3.  Oreenstonty  Whinstone^  or  Trap  and  Basalt. — These  rocks  are 
unstratified,  and  consist  of  granular  crystals  of  hornblende  or  of  augite, 
with  felspar.  In  greenstone,  the  grains  are  considerably  finer  than  in  gran- 
ite; in  basalt  they  are  scarcely  distinguishable.  Greenstone  breaks  up 
into  small  blocks ;  basalt  into  regular  prismatic  columns.  They  are  found 
in  veins,  dykes,  and  tabular  masses,  amongst  stratified  rocks  of  various 
ages.  Greenstone  is  usually  dark  green,  rarely  white  or  red ;  basalt  nearly 
black.    These  varieties  of  color  are  due  to  the  hornblende  or^the  augite. 
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the  felspar  being  wUte.  Both  these  rocks  are  rery  compact,  durable,  hard 
ind  tongh ;  they  are  well  adapted  for  ordinary  bnilding,  and  specially  well 
suited  for  paying  and  metalling  roads. 

4.  TalCf  Chlorite  Slate,  SoapeUme. — In  these  stones,  silicate  of  mag- 

■ 

nesia  predominates.  Talc  is  in  transparent  or  translucent  sheets  of  a 
laminated  structure ;  it  is  soft  and  easily  cut.  Chlorite  Slate  is  also 
laminated,  soft,  and  easily  cut,  but  more  opaque  than  talc ;  it  is  some- 
times used  for  roofing,  but  is  inferior  to  clay  slate.  It  has  a  green  or 
greenish-gray  color,  and  silky  lustre.  Soapstone  is  translucent  and  soft, 
and  greasy  to  the  touch.  It  is  valued  for  its  power  of  resisting  the  action 
of  fire. 

5.  Quartz  Eock,  Honutone,  Flint, — These  stones  consist  of  quartz, 
pure,  or  nearly  pure.  Quartz  rock  and  Hornstone  are  stratified,  and  ap- 
pear to  haye  been  produced  by  the  action  of  intense  heat  on  sandstone ; 
they  are  both  compact.  Quartz  rock  is  crystalline ;  hornstone  is  glassy. 
They  are  the  strongest  and  most  durable  of  all  stones ;  but  their  hardness 
is  so  great  as  to  make  their  use  in  masonry  almost  impracticable. 

Flint  IB  found  in  nodules  or  pebbles  scattered  through  the  chalk  strata 
and  in  beds  of  grayel,  apparently  left  after  the  washing  away  of  the  chalk. 
It  is  hard  and  durable,  but  very  brittle.  Flints  are  used  for  building  pur- 
poses by  being  made  into  a  concrete  with  lime. 

6.  Hornblende  Slate  is  hard,  tongh,  durable,  and  imperrious  to  water, 
and  is  used  for  flag-stones. 

7.  Sandstone  is  a  stratified  rock,  consisting  of  grains  of  sand,  that  is 
small  crystals  of  quartz,  cemented  together  by  a  material  which  is  usu- 
ally a  compound  of  silica,  alumina  and  lime.  In  the  strongest  and  most 
durable  sandstone  the  cementing  material  is  nearly  pure  silica ;  the  weakest 
and  less  durable  is  that  in  which  the  cement  contains  much  alumina,  and 
resembles  soft  felspar  or  claystone.  When  there  is  much  lime  in  the 
cementing  matter  of  sandstone  it  decays  rapidly  in  the  atmosphere  of  the 
sea-coast,  and  in  that  of  towns  where  much  coal  is  burned ;  in  the  former 
case,  the  lime  is  dissolyed  by  muriatic  acid,  in  the  latter,  by  sulphuric  acid. 
Calciferous  sandstones,  as  those  containing  much  lime  are  called,  pass  by 
insensible  degrees  into  sandy  limestones.  The  appearance  of  strong  and 
durable  sandstone  is  characterized  by  sharpness  of  the  grains,  smallness  of 
the  quantity  of  cementing  material,  and  a  clear,  shining,  and  translucent 
appearance  on  a  newly  broken  surface.    Hounded  grains,  and  a  dull,  mealy 
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surface,  characterize  soft  and  perishable  sandstone.  The  best  sandstone 
lies  in  thick  strata,  from  which  it  can  be  cat  in  blocks  that  show  very  faint 
traces  of  stratification ;  that  which  is  easily  split  into  thin  layers  is  weaker. 
Sandstone  is  found  in  every  geological  formation  above  the  primary  rocks, 
amongst  which  its  place  is  supplied  by  homstone  and  quartz  rock.  The 
best  kinds  on  the  whole  are  those  which  belong  to  the  coal  formation ;  but 
they  sometimes  have  their  strength  impaired  by  being  divided  into  layers 
by  extremely  thin  laminss  of  coal. 

The  colors  of  sandstone  are  white,  yellowish-red,  and  red,  the  latter 

^  colors  being  produced  by  the  presence  of  peroxide  of  iron  in  the  cement- 

I  ing  material.     Crystals  of  sulphuret  of  iron  are  sometimes  imbedded  in  it ; 

\  when  exposed  to  air  and  moisture,  they  decompose,  and  cause  disintegra- 

-  tion  of  the  stone.  They  are  easily  recognized  by  their  yellow  or  yellowish- 
gray  color  and  metallic  lustre.  Sandstone  is  in  general  porous,  and  capa- 
ble of  absorbing  much  water;  but  it  is  comparatively  little  injured  by 

I  moisture,  unless  when  built  with  its  layers  set  on  edge,  in  which  case  the 

expansion  of  water  in  freezing  between  the  layers  makes  them  split  or 
''  scale"  ofif  from  the  face  of  the  stone.  When  it  is  built ''  on  its  natural 
bed,"  any  water  which  may  penetrate  between  the  edges  of  the  layers  has 
room  readily  to  expand  or  escape. 

The  better  kinds  of  sandstone  are  the  most  generally  useful  of  all  build- 
ing stones,  being  strong  and  lasting,  and  at  the  same  time  easily  cut,  sawn, 
and  dressed  in  every  way,  and  fit  alike  for  every  purpose  of  masonry. 

6.  II.  Argillaoeous  or  Clatbt  Stomks  are  those  in  which  alumina, 
although  it  may  not  always  be  the  most  abundant  constituent,  exists  in 
sufficient  quantity  to  give  the  stone  its  characteristic  properties. 

1.  Porphyry  consists  of  a  mass  of  felspar,  with  crystals  of  felspar,  and 
sometimes  of  quartz,  hornblende,  and  other  minerals,  scattered  through  it. 
It  occurs  of  all  degrees  of  hardness.  The  variety  in  which  the  felspar 
matrix  is  soft  and  earthy,  is  called  clay  stone  porphyry ;  it  is  of  little  or  no 
value  for  building  purposes.  The  hardest  kind,  in  which  the  matrix  is 
compact  and  crystalline,  and  the  whole  material  beautifully  colored  and 
capable  of  taking  a  high  polish,  is  sometimes  stronger  than  granite.  It  is 
rare,  and  is  valued  in  building  for  ornamental  purposes. 

2.  Clay  Slate  is  a  primary  stratified  rock  of  great  hardness  and  density, 
with  a  laminated  structure  makmg  in  general  a  great  angle  with  its  planes 
of  stratification.    Its  colors  are  bluish-gray,  blue,  and  purple,  the  darkest 
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aolezB  indioating  in  general  the  greatest  strength  and  durability.  It  can 
be  split  into  slabs  and  plates  of  small  thidmess  and  great  area,  and  is 
osaily  impenrions  to  water ;  qualities  which  make  it  the  best  stonj  material 
for  eoyering  roo&i  lining  water-tanks,  and  similar  purposes.  Hie  stronger 
kinds  of  daj  slate  have  more  tensdty  along  their  lamintt  than  any  other 
itone  whose  tenacity  has  been  ascertained.  The  signs  of  good  quality  b 
date  are,  compactness,  smoothness  and  uniformity  of  textare,  clear  dark 
color,  lustre,  and  the  emission  of  a  ringing  sound  when  struck. 

8.  Orauwack€  Slate  is  a  laminated  daystone,  containing  send,  and 
sometimes  fragments  of  mica  and  other  minerals.  It  is  used  for  roofing 
and  for  flag-stones,  but  is  inferior  to  clay  slate. 

7.  IIL  Calcareous  Stones,  are  those  in  which  carbonate  of  lime 
predominates.  They  efferresce  with  the  dilute  mineral  acids,  which  com- 
bine with  the  lime,  and  set  free  carbonic  acid  gas.  By  the  action  of  intense 
heat  the  carboDic  acid  is  expelled  in  the  gaseous  form,  and  the  lime  left  in 
its  caustic  or  alkaline  state,  when  it  is  called  quicklirM.  Some  calcareous 
stones  consist  of  pure  carbonate  of  lime ;  in  others  it  is  mixed  with  sand, 
day,  and  oxide  of  iron,  or  combined  with  carbonate  of  magnesia.  The 
durability  of  calcareous  stones  depends  on  their  compactness:  those  which 
are  porous  being  disintegrated  by  the  freezing  of  water,  and  by  the  chemical 
action  of  an  acid  atmosphere.  They  are,  for  the  most  part,  easily 
wrought. 

1.  Marble  is  a  compact  crystalline  carbonate  of  lime.  It  is  found 
chiefly  amongst  the  primary  strata,  and  generally  in  the  neighbourhood  of 
igneous  rocks.  It  is  translucent,  capable  of  a  fine  polish,  sometimes  white, 
and  sometimes  variously  colored.  It  is  one  of  the  most  durable  of  all 
stones.  Its  scarcity  and  ralue  prevent  its  being  used  except  for  orna- 
mental buildings^ 

2.  Compact  Limestone  consists  of  carbonate  of  lime,  either  pure,  or 
mixed  with  sand  and  clay.  It  varies  in  hardness  and  compactness,  some- 
times approaching  to  the  condition  of  marble,  sometimes  to  that  of  granu- 
lar limestone.  Its  most  frequent  colors  are  white,  grayish-blue,  and 
whitish-brown.  It  is  found  amongst  primary  and  secondary  strata,  and 
abounds  specially  in  the  coal  and  lias  formations.  It  is  very  useful  as  a 
building  stone,  and  is  durable  in  proportion  to  its  compactness. 

3.  Granular  Limeatone  consists  of  carbonate  of  lime  in  grains,  which 
are,  in  general|  shells  or  fragments  of  shells,  cemented  together  by  some 
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compound  of  lime,  silica  and  alumina,  and  often  mixed  with  a  greater  or 
lesi  quantity  of  sand.  It  is  always  more  or  less  porous,  and  the  less 
porous  the  more  durable.  It  is  found  of  various  colon,  especially  white, 
and  light  yellowish-brown.  In  many  cases  it  is  so  soft  when  first  quarried 
that  it  can  be  cut  with  a  knife,  and  hardens  by  exposure  to  the  air.  It  is 
found  in  various  strata,  especially  the  oolitic  formation.  It  there  appears 
in  the  form  of  Oolite,  or  JRoestone,  so  called  because  its  grains  are  round, 
and  resemble  the  roe  of  a  fish.  The  pleasing  color  and  texture  of  oolite 
and  the  ease  with  which  it  is  wrought,  have  caused  it  to  be  much  used  in 
bmlding,  especially  where  delicate  carving  is  required.  The  durability  of 
oolites  yaries  extremely.  The  Portland  stone,  the  Bath  stone,  and  the 
Aubigny  stone  (from  Normandy)  are  examples  of  durable  oolites.  The 
perishable  kinds  of  oolite  decay  more  rapidly  than  almost  any  other  stone, 
especially  in  an  acid  atmosphere. 

4t  Magnesian  Limestone^  or  Dolomite,  is  found  in  yarious  conditions, 
from  the  compact  crystalline  to  the  porous  granular.  In  Britain  it  is 
found  in  the  new  red  sandstone  formation  immediately  above  the  coal.  It 
is  like  limestone  in  appearance.  Its  durability  depends  mainly  on  its  tex- 
ture ;  when  that  is  compact,  it  is  nearly  as  lasting  as  marble,  which  it  re- 
sembles in  appearance ;  when  porous,  it  is  very  perishable. 

8.  Indian  Stone. — In  the  following  paragraphs,  are  quotations  from 
several  pamphlets,  returns,  &c.,  published  regarding  building  stons  found 
in  different  parts  of  India. 

QwALioB  Sandstone,  from  a  pamphlet  by  Major-Genl.  A.  Cunningham, 
II.E.  :— 

1.  Ainthi  Sandstone. — The  Ainthi  rock  is  the  coarsest  of  the  Gwalior  sandstones  ; 
many  of  the  grains  of  quartz  being  as  large  as  mustard  or  opium  seed.  The  usual 
colors  are  pinkish  white,  or  ochreous  yellow,  with  occasional  short  stripes  or  bars  of 
black.  The  white  rock,  which  is  of  less  coarse  texture  than  the  other,  is  a  very  hard 
silicious  schist  On  account  of  its  hardness,  it  is  universally  employed  for  the  manu- 
facture of  corn-mills,  which  are  largely  exported  to  the  Gangetic  Doab,  and  to  all  the 
districts  south  of  the  Jumna.  The  stone  is  occasionally  quarried  for  beams  and  thick 
slabs,  for  which  it  is  well  adapted  by  its  superior  strengUi,  but  its  extreme  hardness 
and  consequent  difficulty  of  being  worked  completely  prevents  its  use,  excepting  only 
in  the  villages  immediately  surrounding  the  quarries. 

2.  Paraoli  Sandstone. — This  is  a  very  hard,  fine  grained,  compact  white  sandstone, 
with  very  littloi  if  any,  admixture  of  clay.  It  is  used  both  for  beams  {tir)  and  for 
long  thick  slabs  ipatti)^  for  which  purpose  it  is  considered  superior  to  all  the  other 
Gwalior  building  stones. 

8»    Tebri  Sandsitone.'^ThiB  is  the  finest  grained,  hardest,  and  strongest  of  all  the 
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Gwilkr  iiaiHlitOD68.  Its  color  when  freah  broken  if  a  doll  bine-green,  which  gradn- 
ally  changes  to  oliTe-green.  It  is  nerer  used  by  natiyes  on  account  of  its  extreme 
hardness,  which  destroys  their  tools  in  working  it  The  verandah  of  the  Residency 
Is  pared  with  slabs  of  this  stone,  which  were  once  polished,  bat  the  polish  is  not 
lasting.  It  is  comparatiTely  soft  when  first  quarried,  bnt  it  soon  acquires  great 
hardnsss  from  czposors  to  the  air. 

i.  BwmiiT  SanditanB, — ^Bamor  is  one  of  the  principal  quarries  for  the  supply  of 
Gwalior  with  building  stone,  on  account  of  its  easily  accessible  situation  on  the  high 
load.  The  stone  is  readily  quarried  into  slabs  of  Tsrious  thickness,  owing  to  the 
natmal  deayage  of  the  rock,  which  is  of  a  dirty  white  color,  marked  with  orange 
specks.  It  is  considered  the  best  stone  for  slabs,  as  it  will  bend  nearly  half  an  inch 
before  t  breaksi'  It  is  also  used  for  beams  and  thick  roofing  slabs  which  are  quar- 
ried of  a  large  size  ;  the  first  15  feet  long,  with  a  breadth  of  9  inches,  and  a  depth 
of  24  inches  ;  the  latter  12  feet  long,  with  a  breadth  of  18  inches,  and  a  depth  of  6 


5.  KuUut  Sandstone, — Kulhet  sandstone  is  exactly  like  that  of  Bamor,  with  the 
addition  of  thin  lamina  of  mica,  which  determine  the  lines  of  cleayage  for  slabs.  It 
is,  however,  a  softer  stone  than  the  Bamor,  and  is,  therefore,  used  for  making  lattice 
work,  a  purpose  for  which  it  is  well  adapted. 

€w  Manjfoor  SamUtane, — ^This  stone  is  of  a  dingy  pink  color,  but  of  a  good  close 
texture.  It  is  soft  and  easily  worked,  and  is  therefore  used  for  statues,  and  for  small 
building  stones.  Its  strength,  however,  is  so  inferior  that  it  is  never  used  for  beams^ 
bnt  is  chiefly  in  demand  for  cornices  and  carved  work  of  all  kinds. 

The  following  Table  exhibits  the  results  of  experiments  on  the  above,  collected 
together  for  comparison  :— 


Ha 


Qnarriw. 
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Specific  graTity. 


Weiffht  of  1 
cable  foot. 

Ibtf. 


VAlnes  of  p 
for  croM  Htndn. 


1  Ainthi,  ... 
*>     ParaoU,  ... 

Telri,      ... 

Bamor,  ... 
5  I  Kulhet,   ... 

Manpoor,... 


2*284 

142-96 

15612 

2-277 

142-50 

99-00 

2-549 

159-50 

189-40     j 

2-368 

148-20 

85-10     I 

2-387 

149-40 

104-31 

2-359 

147-63 

50-32      1 

9.    The  followiDg  extracts  are  from  the  Memoirs  of  the  Qeological 

Survey. 

MiDNAPOBE  AND   Obi&sa. — llic   roek    inoMt   gcnernlly    CTn])l(),vc(l   for  buildinjc 
purpoues  in  theso  diHtricts  irt  Laterite.    This  is  largely  U8C(I  in  the  construction  of 
the  walls  of  houses,  and  in  buildings  also  of  greater  protenuun.    l<cw  rocks  present 
VOL.   I.— THIRD   EDITION.  G 
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greater  adyantages  from  its  peculiar  character  t  it  is  easy  to  cat  and  shape  when  first 
dngy  and  it  becomes  hard  and  tongh  after  exposure  to  the  air,  while  it  seems  to  be 
rexy  little  acted  on  hy  the  weather.  Indeed  in  many  of  the  scnlptored  stones  of  some 
of  the  oldest  bnildings,  temples,  &c.,  in  the  district,  the  chisel-marks  are  as  fresh  and 
sharp  as  when  first  built  It  is,  perhaps,  not  so  strong,  nor  so  capable  of  resisting 
great  pressore,  or  bearing  great  weights,  as  some  of  the  sandstones,  or  the  more  com- 
pact kinds  of  gneiss,  bnt  it  certainlj  possesses  amply  sufficient  strength  for  all  or- 
dinary purposes.  It  is  largely  used  at  the  present  time,  but  has  also  been  employed 
from  the  earliest  period  from  which  the  temples  and  buildings  of  the  country  date. 
And  the  elaborate  specimens  of  carving  and  ornament,  which  some  of  these  present, 
show  that  nodular  structure  and  irregular  surface  of  the  laterite  do  not  prevent  its 
effective  use  for  such  purposes  of  ordinary  ornamentation,  as  mouldings,  &c.  Another 
advantage  it  possesses  over  other  rocks  is  the  facility  of  transport,  it  being  generally 
found  in  the  low  grounds,  and  often  at  no  great  distance  from  some  of  the  many 
streams  which  traverse  the  vicinity. 

Slabs  from  four  to  five  feet  long  are  easily  procurable  of  this  rock.  They  are  quar- 
ried in  a  rude  but  effective  way ;  a  groove  is  cut  with  a  rudely  pointed  pick  round  the 
slab  ;  another  is  made  underneath,  and  then  a  few  wedges  driven  in  split  off  the  block. 
The  more  loose  and  gravelly  forms  of  the  laterite  are  universally  used  for  road-metal, 
for  which  purpose  they  are  admirably  adapted. 

In  Orissa,  Gneiti  and  Sandtton$  are  also  quarried  in  places  for  building  pniposes. 
Ancient  sculptures  on  both  are  found.  The  caves  of  Ehundegeree,  and  the  temples 
of  Bobanessur  are  both  of  sandstone,  while  temples  with  statues  of  Hindoo  deitiea 
carved  in  gneiss  are  common  in  many  districts.  The  variety  generally  worked  is  one 
of  the  kinds  of  gametiferous  gneiss.  At  Neeltigur,  mill-stones  are  manufactured,  to 
a  considerable  extent ;  in  other  places  drinking  cups  are  made  of  gneiss. 

The  chloritic  and  serpentinous  beds  in  the  gneiss  are  manufactured  into  plates  and 
basins,  wherever  they  occur.  In  Midnapore  district,  and  close  to  its  boundary,  in 
Maunbhoom,  and  in  the  Nilgiri  bills,  are  the  principal  seats  of  manufacture  in  these 
districts.  The  rock  yields  a  beautiful  compact  and  very  tough  material,  though  soft 
and  easy  to  work.  It  is  admirably  suited  for  fine  carvings,  as  may  be  well  seen  in 
some  of  the  beautifully  sculptured  doorways  of  the  Black  Pagoda,  which  are  carved 
from  this  variety  of  rock.  Blocks  of  almost  any  size  can  be  obtained,  the  only  im- 
pediment being  the  difficulty  of  transport  from  the  high  hills  on  which  it  generally 
occurs. 

10.  TRiCHmoPOLY  AND  SOUTH  Abcot.— The  only  buildings,  properly  so 
called,  for  which  stone  is  employed  by  the  natives,  are  the  lower  portions  of  the  large 
native  temples,  for  which  gneiss  alone  is  used,  whatever  be  their  situation  ;  and  the 
small  village  kovih  and  chuttrums  (or  native  rest-houses),  which  are  constructed 
usually  of  the  stone  nearest  at  hand,  on  the  cretaceous  rocks,  generally  of  some  form 
of  limestone.  A  large  quantity  of  roughly  hewn  stone  is  also  employed  by  the  natives 
for  revetting  the  inner  slope  of  the  larger  tank  bunds,  and  for  constructing  the  kalin" 
gulas,  or  waste-weirs,  as  well  as  for  walling  the  large  rectangular  irrigation  wells  or 
bowlies  when  sunk  in  loose  ground. 

The  Cretaceous  Limestones  through  not  very  durable  are  quarried  to  a  considerable 
extent,  for  the  construction  of  small  village  pagodas  and  ehuttrums.  The  chief 
localitiy  from  which  stone  for  this  purpose  is  procured,  is  the  ridge  at  the  base  of  the 
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Oditoar  group,  which  extends  from  Porawo^  to  Vylapandj  ;  mnch  ia  also  obtained 
from  the  ridges  of  coral-reef  and  sedimentary  limestones,  similarly  situated,  at  Assoor, 
Ifararattoor,  Cnllpandy,  Sirgnmpoor,  Yaragaupady,  and  many  other  places  farther, 
to  the  southward.  The  ridge  of  shell  limestone  at  Qaroodamnngalnm  and  Alnnda- 
nq>nnun,  is  another  faTorite  locality,  and  indeed  wbereTcr  a  band  of  limestone  or 
calcareous  grit  oops  out,  heaps  of  fragments  and  lines  of  wedge  holes  show  that  the 
spot  is  occasionally  resorted  to  by  the  native  qnarrymen. 

These  limestones  are  of  Tarioos  degrees  of  purity.    Specimens  of  the  coral-reef 

limestones,  analysed  by  Mr.  Tween,  gave  from  95  to  98  per  cent  of  carbonate  of  lime. 

The  Olapandy  limestone,  is  somewhat  less  pure,  and  some  of  the  calcareous  grits, 

such  as  those  in  the  upper  part  of  the  Octatoor  group,  between  Eolokhaunutum  and 

Shntannre,  do  not  contain  probably  more  than  20  per  cent,  of  calcareous  matter.    The 

coral-reef  and  purer  sedimentary  limestones  are  tolerably  compact,  but,  as  may  be  seen 

b  the  coping  stones  and  drip  stones,  and  the  exposed  mouldings  of  knviU  built  of 

these  rocks,  they  are  but  ill  qualified  for  exposed  exteriors,  where  they  rapidly  yield 

to  the  heavy  tropical  ndns.    These  stones  being  soft,  and  easily  worked,  are  used  to  a 

considerable  extent  by  the  natives  of  the  district  for  rice-mortars  and  water  troughs. 

The  SandgtoneM  of  the  Cuddalore  group  are  quarried  to  a  small  extent  at  Yelur, 

near  Verdachellum,  and  at  Yellumpaleyan,  on  the  bank  of  the  Guddalum.    The  stone 

is  eompact,  moderately  fine  in  grain,  and  being  jointed  in  two  directions,  is  easily 

qoarried.    It  is  worked  for  the  household  purposes  above-mentioned,  and  is  also  used 

to  some  extent  for  dry  walling.    The  mile-stones  on  the  roads  about  YerdacheUum 

ire  also  made  of  this  stone.    It  appears  to  be  well  adapted  for  building,  but  I  am  not 

■ware  that  it  has  ever  been  employed  for  this  purpose. 

Latgrite  is  largely  used  for  building  wherever  it  occurs.    Its  chief  localities  are 

It  Ynllam  in  Tanjore,  and  Strimustrum,  in  the  N.R  of  Trichinopoly.     I  have  also 

noticed  it  at  several  places  between  Tangore  and  Trichinopoly,  and  at  Andana- 

pet,  to  the  east  of  YerdacheUum,  and  it  probably  covers  a  great  part  of  the  Cuddalore 

nndstones  concealed  beneath  the  red  soil.    At  Yullam  it  is  cut  with  a  chisel  pointed 

crowbar,  into  blocks  2  feet  6  inches  long,  1  foot  wide,  and  6  inches  thick.    It  is  when 

first  extracted,  a  flaky  ferruginous  sandy  clay,  and  rather  friable,  but  when  exposed 

for  some  months  to  &e  action  of  the  rain  and  sun,  as  is  usually  the  case  before  it  ia 

Died  for  building,  it  hardens  and  becomes  covered  with  a  dark  polished  encrustation 

of  hydrated  oxide  of  iron,  which  protects  it  from  further  change,  and  resists  the  decay 

of  the  stone,  however  long  it  may  be  exposed.    At  Yullam  it  is  much  used  by  the 

nitives  in  boilding  their  houses,  in  preference  to  brick,  and  the  Yellaur  annicut  at 

CSietiartope,  near  Bhonagiri,  is  built  in  part  of  this  rock  quarried  at  Strimustrum. 

U.  Neelohebrt  HiLLa — Almost  the  only  article  of  any  economic  value  fur- 
nished by  the  crystalline  rocks  of  the  Neelgherries  is  stone,  whether  for  the  purposes 
of  building  or  road  making.  The  various  forms  of  the  gneissose  rocks  are  abundantly 
obtainable  for  either  of  these  purposes,  but  for  the  former  they  have  been  hitherto 
extremely  neglected,  the  only  building  in  which  stone  has  yet  been  employed  being  a 
private  house  in  Ootacamund,  which,  from  its  singularity  in  this  respect,  is  generally 
known  as  "  Stonehonse.''  The  reason  for  this  preference  of  brick  over  stone  is  undoubt- 
edly its  comparative  cheapness ;  the  advantages  of  the  superior  durability  of  the  latter 
material  and,  what  on  the  Neelgherries  is  a  matter  of  no  small  importance— its  dry- 
ness— have  been  sacrificed  to  a  present  saving  in  cost. 
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In  many  parts  of  Mynore,  the  foliated  rocks  exhibit  a  great  tendency  to  scale  of! 
in  large  slabs,  varying  from  a  few  inches  to  one  or  two  feet  in  thickness  ;  and  as  this 
variety  of  the  rock  is  very  free  from  vertical  joints,  long  narrow  post-shaped  blocks 
and  slabs  of  various  sizes,  are  readily  cut  by  means  of  a  row  of  iron  wedges  driven 
into  holes  previously  cut  with  the  chisel.* 

On  that  part  of  the  hills  east  of  Billicnl,  which  overlooks  the  Mysore  country, 
gneiis  of  somewhat  similar  structure  occurs  ;  and  again  on  the  Lovedale  flank  of 
Elk  Hill,  near  Ootacomund  ;  in  the  Kaitee  valley  ;  and  very  extensively  on  the 
northern  escarpment  of  the  Dodahetta  range.  In  these  localities,  the  slabs  are  in 
most  cases  much  thicker  than  those  quarried  in  Mysore. 

The  rocks  of  the  Neelghcrries  are  but  rarely  well  jointed,  and  when  they  are  so 
the  stone  appears  to  have  a  greater  tendency  to  decompose  in  consequence.  There 
are,  however,  one  or  two  localities  on  the  Coonoor  road  where  the  rock  is  advantage- 
ously jointed  for  quarrying  purposes,  and  large  blocks  of  a  more  or  less  rectang^ular 
form  might  be  obtained.  The  gneiss  of  the  Kundahs,  especially  in  the  neighbour- 
hood of  Sispara,  is  vei^y  finely  jointed,  but  the  great  distance  of  that  locality  from  the 
inhabited  part  of  the  hills  and  difficulty  of  transport,  preclude  the  possibility  of  wprk- 
ing  the  stone  profitably. 

By  far  the  most  valuable  of  the  crystalline  rocks  described  in  this  memoir  is  the 
Limestone  near  Coimbatoor,  which  was  first  discovered  by  Dr.  Cornish,  the  Civil 
Surgeon  at  Coimbatoor.  This  stone  might  not  only  be  employed  for  the  manufacture 
of  lime  of  great  purity,  but  moreover  owing  to  its  softness  and  its  non-liability  to 
decompose,  might  be  advantageously  used  as  building  stone,  except  for  such  parts  of 
a  structure,  as  present  sharp  angles,  and  are  at  the  sometime  exposed  to  much  mecha- 
nical wear.  Being  moreover  susceptible  of  a  high  polish,  and  very  transparent,  it 
would  afford  a  very  beautiful  material  for  internal  decoration,  the  effect  of  which 
would  be  enhanced  by  the  judicous  selection  of  slabs  of  various  tints.  Fink  and  gray 
occasionally  approaching  white,  are  the  prevailing  colors  of  the  stone. 

12.  Madras  Stones. — From  the  Indian  Journal  of .  Art,  Bcience, 
and  Manufacture  for  1856. 

Oranitet, — ^The  granites  occur  of  three  distinct  periods  of  formation  ;  the  oldest 
being  composed  of  very  large  masses  or  crystals  of  felspar,  quartz,  mica  and  horn- 
blende. In  many  parts  of  southern  India  these  granites  form  &e  low  undulatinc^ 
rounded  hills  or  level  country  at  the  base  of  the  hills.  The  felspar  and  mica  are  for 
the  most  part  decaying  and  soft,  the  quartz  and  hornblende  are  little  altered.  These 
granites  have  been  followed  by  the  upheaving  of  a  small  grained  series,  composed 
chiefly  of  sienites  and  pegmatites,  which  are  of  a  more  compact  and  durable  nature. 
Many  of  the  rocks  of  this  class  are  very  ornamental  and  well  suited  for  building  pur- 
poses. In  some  localities  they  partake  of  the  tabular  character  of  gneiss,  but  are 
often  destitute  of  mica.  The  most  recent  granites  are  of  a  still  finer  grain,  and  in 
a  few  localities  they  resemble  sandstones,  but  the  constituents  can  be  detected  with  the 
aid  of  a  lens,  the  felspar  being  in  smallest  proportion  and  the  quartz  and  mica  in  excess. 

Trap  and  Greenstone.— Nearly  allied  to  this  last  class,  are  the^trap,  quartzose  and 

*  InMywre  the  dectrio  telegraph  wire  if  supported  on  stone  poets  of  this  deecription  upwards  of 
twenty  feet  in  length,  and  aremging  about  nine  inches  square  in  section. 
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{nenstone  xockSy  which  are  yery  nnmerons  and  pass  into  each  other.  Rocks  of  this 
dan  are  much  naed  by  the  natives  for  building  and  paving  pnrposes. 

Sandstone  and  Whettton€,—A  very  widely  disseminated  class  of  formations  belong- 
ing to  the  tranaition  periods  are  the  sandstones,  grits,  whetstones,  slates,  and  soft 
dudes,  resembling  Tripoli.  These  occnr  in  very  great  abundance  along  the  base  of 
the  Eastern  Ghata,  and  in  most  of  the  ranges  of  granite  hills  in  Mysore,  Cnddapah, 
tad  the  Ceded  Districts.  In  some  localities,  as  in  south  Arcot,  Nellore,  and  Cud- 
dapah  the  beds  of  sandstone  are  of  enormous  thickness,  yielding  freestones,  whetstones, 
and  polishing  shales  of  every  variety  of  color  and  hardness.  In  the  Nellore  district, 
the  sandstonea  are  impregnated  with  emery  and  iron  ore  ;  at  Vellore  and  parts  of  the 
Ceded  Districts  they  arc  of  a  slaty  fracture,  hard  and  silicious  ;  at  Sadras,  Tripetty, 
Coddapah,  Bangalore,  Soondoor,  and  Ealudgee,  they  are  of  a  softer  nature,  being 
heqaently  associated  with  Tripoli  At  Sadras  the  sandstones  are  accompanied  by 
illnvial  ochrey  pumice  and  bituminous  wood. 

Slates. — ^The  slates  of  southern  India  are  for  the  most  part  coarse,  soft  and 
slmniDoa&  A  blue  slate  well  suited  for  paving  purposes  and  for  cook-room 
tables,  occnra  near  Cuddapah.  Green  alum  slate  occcurs  at  Woontimettah,  and  hard 
UadL  and  yellow  slates  containing  large  quantities  of  iron  pyrites  at  Nnndial,  and 
Bear  Knxnool,  in  the  Ceded  Districts. 

Diantond  Sandstone  and  Breccias, — Another  interesting  class  of  formations  near- 
ly allied  to  the  last  are  the  diamond  sandstones  and  breccias.  These  cover  large 
tracta  of  coontry  in  the  Masullpatam,  Hyderabad  aud  Cuddapah  districts.  The 
aandstoiies  axe  mostly  fine  grained,  hard  and  quartzose,  being  frequently  coated  by 
layers  of  iron  ore  and  sesquioxide  of  manganese.  The  breccias  are  often  very  hard 
md  of  all  ahadea  of  color. 

Magneeian  Minerals, — ^Magnesite,  steatite,  and  serpentine  are  abundant  in  several 
diitricta.  Ftedoua  serpentine  occurs  near  Seringapatam,  and  in  small  quantities 
aloog  with  the  softer  kinds  at  Chittoor. 

JfitrMe«.»Marble8  and  compact  limestones  are  found  in  great  abundance  in 
KMthem  India.  The  large  grained,  primitive,  and  highly  crystalline  varieties  at 
CoortaUom,  Tinnevelly,  Salem,  Madura  and  Nellore. 

Lisnutonee. — ^The  fine  grained,  compact,  secondary  limestones  occupy  extensive  tracts 
of  country  through  the  Ceded  Districts,  Quntoor,  Masulipatam,  Hyderabad,  and  the 
Southern  Mahratta  country.  Fossil  limestones  are  found  at  Cape  Comorin,  Ootatoor, 
PoodidicfRy,  Seedrapett,  Trivacarey  and  Sadras.  Varieties  of  blue,  gray,  and  black 
BKMmtain  limestones  occur  in  several  parts  of  the  Presidency. 

13.  The  Bajmehal  hills  in  Bengal,  the  rocks  of  Central  and  Western 
India,  and  many  other  localities  also  contain  many  varieties  of  stone  suitable 
for  bnflding  pnrposes,  bnt  there  are  no  detailed  accoonts  of  them  available. 

PuHJAB  SroMES.^From  Report  of  the  Punjab  Exhibition  of  1864). 

From  Sahi  Balabgarfa,  m  the  Delhi  district,  there  is  a  good  collection  of  building 
wstmalw,  which  includes  the  red,  the  spotted  and  the  light-colored  sandstone,  so  much 
■Bed  in  the  large  buildings  of  Hindoostan  ;  and  from  the  same  place  are  polished 
bkda  of  white  marble,  and  of  a  pretty  dappled  gray  marble  (called  Namanl  marble) 
iriddi  last  is  also  exhibited  from  the  mssar  district 
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From  ^e  Kangra  district  there  are  gray  limestone,  sandstone  of  two  sorts,  (both 
good  for  building,)  and  granite.  Sent  from  Madhopore,  is  some  nice  workable  sand- 
stone which  mnst  come  from  the  hillB,  above  that  place.  From  Kashmere  there  is 
some  black  marble  and  some  polished  slabs  of  serpentine,  which  is  found  at  Tashg&m 
in  little  Thibet. 

From  the  SaltKange  (Jhelnm  and  Shahpoor  districts)  there  are  good  building  stones, 
sandstone  and  calcareous  sandstone  ;  from  Jhelnm  are  specimens  of  marble  which 
might  become  useful  for  building  ;  among  this  series  must  be  counted  the  gypsum  or 
alabaster  of  the  same  hills  (sometimes  wrongly  labeled  soapstone,  or  marble).  The 
harder  varieties  of  this  might  be  used  for  interior  decorations,  while  the  general  run 
is  fit  for  making  plaster  of  Paris,  of  which  there  is  one  specimen  from  Shahpoor. 
From  Dera  Ismael  Khan,  there  is  only  some  soft  white  limestone,  from  Kohat  a 
cellular  limestone,  used  in  rubble  masonry ;  while  from  Attock  are  two  or  three  kinds 
of  stone,  calcareous  sandstone,  a  variegated  limestone,  granite  and  sienite  ;  there  is 
also  yellow  marble  from  Peshawur,  and  argillaceous  limestone  from  Abbottabad. 

The  series  of  slates  exhibited  are  very  fine.  There  is  one  immense  slab,  12  feet 
long,  from  the  Dalhousie  quarries.  The  slates  are  some  of  them  mixed  and  veined 
like  marble ;  they  are  generally  of  a  bluish-gray  tint  not  inclining  to  purple,  nor 
have  they  the  fine  texture  of  Welsh  slates,  being  much  more  schistose.  They  are  used 
universally  in  the  hills  both  for  flooring  and  roofing  purposes.  The  cutting  of  slates 
for  roofing  purposes  is  somewhat  costly,  and  even  at  the  quarries  they  fetch  a  high 
price.*  Occasionally  they  are  brought  to  the  plains,  when  an  enterprizing  contractor 
undertakes  such  a  task,  otherwise  slate  is  but  seldom  met  with. 

In  the  Khattnk  hills,  on  the  N.  W.  frontier,  and  in  the  Corrackpore 
hills,  in  Bengal,  excellent  beds  of  slate  are  also  fonnd,  suitable  for  flooring 
or  roofing. 

The  Sylhet  limestone  in  tlie  Ehasia  hills  (N.E.  Bengal)  is  well  known,  bat 
it  is  principally  used  for  burning  into  lime. 

The  Red  eandatonea  of  Agra  and  Bhurtpore  were  much  used  by  the  old 
Moghul  builders  at  Delhi,  Agra,  &o.,  and  being  easily  worked  and  dura- 
ble are  very  suitable  for  ornamental  architecture. 

The  Quarttose  Rock  of  Delhi  is  a  most  durable  and  valuable  building 
material,  although  very  intractable.  The  famous  '*  Eootab  Minar,  *'  now 
more  then  six  centuries  old,  gives  satisfactory  evidence  of  the  durability 
of  the  material  of  which  it  is  composed.  The  body  of  the  pillar  is  made 
up  of  the  strong  quartz  rock  found  abundantly  in  the  neighbourhood, 
and  which,  from  its  compactness  and  highly  crystalline  character,  shielded 
as  it  is,  moreover,  from  direct  atmospheric  influence,  will  remain  undeteri- 
orated  till  the  outer  shell  has  been  reduced  to  dust.  It  is  encased  in 
sandstone  of  a  fine  and  equal  grain,  very  much  resembling  in  this  respect 

•  As  high  as  Bb.  8  per  100. 


the  Bhiirtpore  and  Boophas  stone.  It  is  liver  colored,  with  numerous, 
chiefly  round,  cream-colored  spots,  proceediog  from  the  section  of  a 
spheroidal  mass  of  that  color. 

14.  The  greater  portion  of  Central  and  Western  India  is  covered  by  an 
immense  overflow  of  trap,  so  extensive  indeed  as  to  embrace  on  area  of 
something  like  160,000  square  miles  (about  the  size  of  France).  Trap  or 
boiolt  (vide  ante  /).  4)  is  an  augitic  lava  generallj  consisting  of  about  46 
nlica,  16*5  alumina,  9  lime,  20  oxide  of  iron,  and  8  or  4  soda.  Trachyte 
is  a  felspathic  rock.  Between  trachyte  and  basalt  are  innumerable  varie- 
ties depending  on  the  proportions  of  augite  and  felspar,  and  on  the  admix- 
ture of  olivine,  oxide  of  iron,  hornblende,  quartz,  and  many  other  minerals. 
Trap  or  basalt  is  largely  used  in  Bombay  ;  it  can  be  obtained  in  large 
blocks :  those  prepared  for  the  lighthouse  are  25  cubic  feet,  and  weighing 
nearly  8  tons.  A  description  of  the  masonry  in  this  trap  country  is  given 
by  Mr.  Horace  Bell,  C.E.,  in  an  article  in  the  ''  Professional  Papers  on 
Indian  Engineering,"  [Second  Series,  Vol.  I.,]  from  which  the  following 
remarks  are  extracted. 

It  would  be  diiBealt  to  give  any  general  description  of  the  appearance  of  trap.  It 
iadodfls  a  great  variety  of  difEeorent  looking  and  differently  valnable  rocks  of  all 
ebloci  and  degrees  of  hardness.  One  may  see  yellow  trap  (Ckx>rla,  Bombay,)  bine, 
red,  pink,  green,  gray  and  spotted  (amygdaloid  ;)  bnt  I  need  not  eay  that  color  is  no 
gnide  to  the  engineer  in  selecting  a  stone.  Neither,  indeed,  is  locality  ;  for  one  ridge 
wiUiin  a  square  mile  may  yield  a  stone  which  will  disintegrate  almost  literally  into 
mod  in  the  first  monsoon,  while  another  ridge  close  by  may  afford  a  stone  such  as  I 
hare  seen  in  some  old  temples  on  which  the  tool  marks  are  clearly  seen  after  being 
built  abont  1200  years.  In  effbot,  the  selection  of  stone  for  a  work  of  any  perma- 
aenee^  or  that  more  particolarly  has  to  carry  aheayy  load,  is  one  of  the  most  responsi- 
ble duties  of  the  engineer  in  a  trap  ooontry.  Generally,  the  hardest  stone  may  be 
awiiiiHiil  to  be  the  most  dnrable,  thongh  this  is  not  always  the  case ;  as  for  instance 
hmmUt  whidi  has  a  columnar  stmctore,  may  come  ont  of  a  quarry  seemingly  hard 
CDoq^  fat  any  work,  but  which  will  be  in  fragments  in  perhaps  a  few  months  after 
cxposurei  The  prominent  Mature  in  tn^)  or  basalt  is  its  hardness,  and  what  may  be 
eaUed  intractability,  and  it  is  this  that,  making  it  so  cruelly  difficult  and  ezpensiTC 
to  WQ^  tempts  both  contractor  and  engineer  to  seek  a  soft  and  frequently  unreliable 
staoe.  With  but  few  exceptions,  I  haye  noticed,  that  the  cellular  and  amygdaloidal 
tnps  are  the  most  liable  to  disintegration,  so  also  are  those  that  have  a  rusty  gray 
eolac*  oo  fracture.  The  best,  I  should  consider,  to  be  the  blueish  green  basalt,  which 
is  Toy  hard  and  heary,  haying  a  specific  gravity  about  8*00,  and  which  rings  like  a 
aslal  OD  being  struck.  But,  as  I  hare  before  said,  there  is  no  reliable  guide  in  color 
cr  "fff  *»"*^  and  the  only  safe  test  is  the  old  one  of  finding  out  old  buildings  and 
qvny  facm,    Failing  these,  iriiich  may  not  be  always  found,  one  must  trust  to  the 
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experience  of  othen,  or  to  chtoce  to  sBttle  the  mMter.  It  wonld  be  tuelen  here  to 
give  the  namet  and  characten  of  the  vetj  niuneroiu  roclu  which  we  may  indnde  un- 
der the  tenn  trap.  It  li  enffidcDl  for  u  to  recogotH  the  fact  of  the  great  Dombar 
of  dlSennt  materiala  to  be  foond  in  the  trap  area,  and  to  be  wary  in  ntliig  any  one 
that  liai  not  eitabliehed  a  character  already  for  dorablllty. 

I  give  here  a  tmall  table  of  nme  experinenti  I  made  to  determine  the  abaoiption 
of  aoma  kiudi  of  trap  rock  coropaied  with  other  irell  known  materlali. 


KlndafBtOD*. 

1 

V/jVn 

"T«,"'i'v,«"o 

HIUTIVB  UIOCHT 

ID  An**, 

I  boar. 

ihoum. 

Ihom. 

Ihonn. 

Oi«en  black  basalt  CEbondwa) 
veryhard, 

Light  giay,       ditto,        ditto, 

YeUow  trap,  Coorla,  Bombay,. . 

LPriUilway.'         ..         .. 

Fi«G«  otUiinA  brick  made  at 
Khundw% 

Piece  of  Stock  brick,  BngUdi. 

Piece  of  neat  Portland  cement 

2898 

1567 
7M 

1086 

lUl 
4S8 

688 

10 
11 

SO 

09 

2U 

49 

122 

Noincreaae. 
li- 
do. 

do. 
78* 

i 
1 

) 

i 
i 

16.  Durability  of  Stones. — The  appearances  which  indicate  probablo 
darabilitj  have  already  been  meDtioaed  in  describing  particalar  kinds  of 
stone;  but  they  are  often  deceptive. 

One  test  of  the  probable  comparative  durability  of  ttona  of  the  aatna 
kind  is  the  Bmallness  of  the  weiglit  of  water  which  a  given  weight  of  stone 
is  capable  of  absorbing  a  teat  exhibited  in  the  preceding  table  : — 

The  following  are  examples  of  the  absorption  of  aome  English  Rocks ; 
Granite  absorba  one  part  of  water  in  from  80  to  TOO  of  atone. 
Gneiae  „  »  n  i>        ebont    40        „ 

aay  elate, ,  „         80  to  700 

Sandal«De  (strong,  Yorkshire),  „         80  to   60        „ 

Another  test  of  probable  comparative  dnrability  (invented  by  M,  Brard) 
is  to  imitate  the  disintegrating  action  of  frost  by  means  of  the  crystalltza- 
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tioii  of  finlphate  of  soda,  and  weigh  the  fragments  so  detached  from  a 
Uoek  of  a  giren  size  and  surface  in  a  given  time. 

The  only  snre  test,  however,  of  the  durability  of  any  kind  of  stone,  is 
•xparienoe ;  and  the  engineer  who  proposes  to  use  stone  from  a  particular 
stratum  in  a  particular  locality,  in  any  important  structure,  should  carefully 
•zamine  buildings  in' which  that  stone  has  been  already  used,  especially 
those  of  old  date. 

The  great  difference  which  may  exist  in  the  durability  of  stones  of  the 
same  kind,  and  presenting  little  difference  in  appearance,  is  strikingly  ex- 
emplified at  Oxford,  where  Christ  Ghnrch  Cathedral,  built  in  the  twelfth 
or  thirteenth  century,  of  oolite  from  a  quarry  about  15  miles  away,  is  in 
good  preservation,  while  many  Colleges  only  two  or  three  centnncs  old, 
built  also  of  oolite,  from  a  quarry  iu  the  neighbourhood  of  Oxford,  are 
rapidly  crumbling  to  pieces. 

The  effect  of  diversities  of  climate  also  is  exhibited  in  the  present 
condition  of  the  Obelisk  of  Luxor,  which,  brought  from  upper  Egypt  to 
Palis,  has  become  blanched  and  full  of  small  cracks  during  the  forty  years 
it  has  stood  on  the  Place  de  la  Concorde :  although  forty  centuries  had 
not  perceptibly  affected  it  as  long  as  it  was  in  Egypt. 

16.  Preservation  of  Stone.— The  decay  of  all  natural  building  stones 
is  the  combined  effect  of  various  causes :  dust,  spiders  webs,  the  action 
of  rain,  Lepra  antiquitatis,  (a  minute  lichen,  which  is  one  of  the  worst 
eoemies  of  stone),  hasten  the  decay  of  stone,  especially  of  those  parts  where 
any  sculpture  or  ornamental  carving  promotes  the  deposition  of  dirt  and 
dosL  The  various  processes  which  have  been  tried  or  proposed  for  the  pre- 
servation of  naturally  perishable  stone,  all  consist  in  filling  the  pores  of  the 
stone  at  and  near  its  exposed  surface  with  some  substance  which  shall  exclude 
air  and  moisture.  In  every  case  the  surface  of  the  stone  should  be  prepared 
to  receive  the  preserving  material,  by  expelling  the  existing  moisture  as 
completely  as  possible ;  and  this  is  easily  done  by  the  aid  of  a  portable 
furnace  containing  burning  coke  or  charcoal.  The  principal  preserving 
materials  are  the  following : — 

Bitutninoms  fitatier,  such  as  cool  tar,  is  very  efficient,  but  unsightly  from 
iltf  color.  It  is  possible,  however,  that  a  colorless  or  light-colored  bitu- 
minous substance,  suited  fi)r  the  preservation  of  stone,  might  be  prepared 
by  dissolving  **paraffine"  in  pitch-oil,  or  by  some  such  process. 

Drying  OU^  auch  as  linseed  oil|  either  unmixed,  or  as  an  ingredient  of 
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painty  protects  the  stone  for  a  time ;  bat  it  is  gradually  destroyed  by  the 
oxygen  of  the  air,  so  that  it  requires  renewal  from  time  to  time ;  and  it 
ixy*ures  the  appearance  of  the  stone. 

Silioate  of  Fotaahf  or  soluble  glass,  is  applied  in  a  state  of  solution  in 
water,  either  alone  or  mixed  with  silica  in  fine  powder.  It  gradually  har- 
dens, partly  through  the  evaporation  of  its  water,  and  partly  through  the 
removal  of  the  potash  by  the  carbonic  acid  of  the  air. 

Silicate  of  Lime  is  produced  by  filling  the  pores  of  the  stone  with  a  so- 
lution of  silicate  of  potash  or  soda,  and  then  introducing  a  solution  of 
chloride  of  calcium,  or  of  nitrate  of  lime.  The  chemical  action  of  the 
two  solutions  produces  silicate  of  lime,  which  forms  an  artificial  stone, 
filling  the  pores  of  the  natural  stone,  together  with  chloride  of  potassium 
or  nitrate  of  potash,  as  the  case  may  be,  which  salts,  being  soluble 
in  water,  are  washed  out. 

The  efficiency  of  the  last  two  processes,  and  of  various  modifications  of 
them,  has  of  late  been  much  contested.  Time  and  experience  only  can 
show  their  real  merits. 

Black  Oxide  of  Copper  and  its  salts  have  been  used  in  many  places, 
and  the  length  of  time  which  has  elapsed  since  their  application  seems  to 
warrant  the  conclusion  that  their  compounds  acts  as  preservatives  of  stone. 

17.  Artificial  Stone. — The  idea  that  stone  could  be  cheaply  pro- 
duced by  artificial  means,  and  moulded  to  any  form  required  has  gradually 
for(5ed  itself  upon  the  minds  of  modem  inventors,  and  has  borne  fruit  in 
a  large  number  of  processes  more  or  less  practical  and  adapted  to  secure 
the  end  in  view :  which  however  can  be  but  briefly  noticed  here  by  the 
mention  of  one  or  two  only  of  the  various  methods  in  use.  Perhaps  the 
best  known  of  them  is  the  celebrated  Ransome  process.  Hansome's 
patent  silicious  stone  has  been  lately  imported  into  Bengal,  and  used  in 
the  Nawab^s  new  palace  at  Moorshedabad,  where  its  beauty  and  utility 
have  been  highly  commended. 

The  following  is  an  account  of  the  process  of  manufacture :  (which  was 
lately  regularly  carried  on  in  Bombay,  by  Mr.  Pye  Smith,  Kansome's 
Agent,  in  the  Reclamation  Workshops,  and  the  stone  used  for  mouldings 
of  the  Post  office  and  other  public  buildings)  : — 

The  material  is  made,  by  preference,  of  finely  sifted  dry  sand.  A  small 
proportion  of  pulverized  stone  is  added  to  the  sand,  to  give  the  silicate 
of  lime  produced  in  the  manufacture  the  necessary  closeness  of  surface  for 
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its  cemenHng  action.  To  erery  bushel  of  the  mixture  about  one  gallon 
of  prepared  silicate  of  soda  (melted  flint)  is  added,  and  the  whole  mass  is 
then  thoroughly  mixed  and  incorporated  in  a  simple  mill,  from  which  it  is 
taken — a  pntty-like  plastic  substance — in  a  fit  condition  for  the  moulds. 
The  mixture  of  each  charge  of  the  mill  occupies  only  from  three  to  four 
minutes,  and  is  remarkably  complete. 

The  moulding  is,  for  the  greater  part,  done  in  wooden  moulds,  but  in 
some  cases  metal,  and  in  others  plaster  of  Paris  is  employed.  The  prepar- 
ed mixture  is  pressed  into  the  mould  by  means  of  suitable  tools  provided 
for  that  purpose.  A  peculiarity  of  this  material  is,  that  mouldings  retain 
the  precise  form  in  which  they  emerge  from  the  mould,  without  enlarge- 
ment, contraction,  cracking,  or  warping,  which  is  not  the  case  with  mat- 
erials that  are  bamt* 

The  men,  when  they  haye  taken  their  work  from  the  moulds,  place  it 
upon  a  bench,  where  by  means  of  a  flexible  hose,  it  is  drenched  with  a 
solution  of  chloride  of  calcium,  in  a  cold  state.  The  chloride  of  calcium 
acts  rapidly  upon  the  silicate  of  soda,  and  solidifies  the  mass.  The  cast-  ' 
lags  are  next  conreyed  upon  trucks  to  the  adjoining  room,  where  they  are 
immersed  in  cisterns  containing  a  solution  of  chloride  of  calcium  having 
a  specific  gravity  of  about  1*4,  and  a  temperature  of  about  212°.  The 
chemical  action  between  the  silicate  of  soda  and  the  chloride  of  calcium 
t  is  consnmmated  in  this  stage,  and  results  in  the  formation  of  what  is 

thought  to  be  an  insoluble  silicate  of  lime,  which  envelopes  and  joins  all 
j  the  particles  of  sand,  gravel,  chalk,  detritus  of  stone,  or  other  mineral 

;  base,  of  which  the  block  or  casting  is  composed.     After  the  work  has 

been  thoroughly  saturated  by  the  boiling  calcium,  all  that  remains  to  com- 
plete the  process  is  to  wash  away  the  chloride  of  sodium,  or  common 
^  salt,  which  has  been  evolved  by  the  combination  of  the  sodium  with  the 

I         chloride.    This  is  done  by  means  of  troughs  with  perforated  bottoms,  that 
*  discharge  a  copious  shower-bath  upon  the  castings.     This  part  of  the 

'  process  must  be  very  carefully  carried  out,  for,  if  a  stone  saturated  with 

I  Chloride  of  Sodium  is  allowed  accidentally  to  dry,  it  will  immediately 

I  split  np :  and  if  this  salt  be  not  thoroughly  removed  by  the  washing  process 

i  from  the  atone  before  it  is  allowed  to  leave  the  factory,  the  surface  of  the 

^-  stone  will  disintegrate. 

Some  experiments  have  been  made  to  show  the  strength  of  the  concrete 
stone,  aa  to  its  power  to  resist  both  pressure  and  tension.    A  4-inch  cube, 
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made  fonrteen  days  previoasly,  remained  intact  nnder  35  tons/  and  was 
crushed  by  40  tons.  A  second  cabe,  of  the  same  size  and  age,  was  dam* 
aged  at  the  edges  by  35  tons,  and  was  crushed  by  44  tons.  Of  its  strength, 
however,  there  is  no  doubt.  The  question,  of  course,  is  what  effect  long 
exposure  to  atmospheric  changes  and  the  weather  may  have. 

In  the  manufacture  of  this  stone  at  Bombay  by  Lieut  Ducat,  B.E., 
the  best  results  were  obtained  by  adding  6  parts  of  sand  to  2  parts  of 
white  clay  or  moorum.  Tliis  was  mixed  in  a  Ransome*s  mill  for  10  minutes, 
moulded,  and  immersed  in  chloride  of  calcium  for  40  hours,  boiled  for 
4  hours,  and  allowed  gradually  to  cool.  It  was  then  washed  for  72  houni 
in  running  water  and  dried. 

There  seems  no  reason  to  doubt  that  this  material  could  be  successfully 
prepared  in  numerous  localites  in  India :  but  the  question  of  cost  has  not 
been  yet  satisfactorily  solved.  Up  to  1870  the  stone  made  at  Bombay, 
had  been  turned  out  at  a  rate  of  Ks.  8-8  per  cubic  foot,  but  Mr.  Pye  Smith, 
was  of  opinion,  that  it  would  hereafter  be  made  for  Rs.  5  per  cubic  foot. 
•  At  this  rate,  however,  it  could  not  compete  with  the  natural  stone  at  Bom- 
bay. 

The  process  invented  by  M.  Sorel,  a  celebrated  French  Chemist,  pro- 
duces also  most  satisfactory  results.  It  is  a  sand  concrete,  having  for  its 
basis  the  use  of  oxychloride  of  magnesium  (a  new  cement  discovered  by 
M.  Sorel). 

The  process  of  making  stone  by  this  method  is  as  follows : — ^natural 
Magnesite — Carbonate  of  Magnesium — is  first  calcined,  which  reduces  it 
to  the  oxide  of  magnesium.  In  this  state  it  is  mixed  dry  in  the  proper 
proportion,  by  weight,  with  the  powdered  marble,  quartz,  sand,  or  what- 
ever material  forms  the  basis  of  the  stone.  It  is  then  wetted  with  bittern 
water,  which  converts  the  oxide  of  magnesium  into  the  oxychloride.  The 
now  semi -plastic  mixture  is  rammed  into  moulds,  where  it  speedily 
hardens  sufiiciently  to  be  taken  out  and  laid  on  skids.  In  two  hour*s 
time  the  stone  is  so  hard,  that  the  heaviest  rain  will  not  wash  the  comers 
off,  and  in  from  a  week  to  two  weeks  the  stones  may  be  marketed  and  used. 
These  stones  are,  according  to  good  authority,  capable  of  withstanding 
even  more  severe  weather  tests  than  natural  stones. 

The  Victoria  Stone  is  a  new  kind  of  artificial  stone  invented  by  a 
clergyman,  the  Bev.  H.  Highton.  The  process  by  which  it  is  made 
consists  in  mixing  broken  granite  with  hydraulic  cement,  and  steeping 
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the  wbofei  when  set,  in  a  solution  of  silica.  The  granite  used  is  the 
lefoaa  of  the  quarries,  and  is  broken  up  at  the  works.  It  is  then  mixed 
wiUi  Portland  cement,  in  proportions  of  four  of  granite  to  one  of  cement, 
saffident  water  being  added  to  give  it  a  pasty  consistency.  In  this  state 
it  is  placed  in  moulds,  when  it  consolidates  in  about  4  days.  When 
taken  from  the  moulds  it  is  placed  for  2  days  in  a  solution  of  silicate 
of  soda  which  completes  the  process. 

The  silicate  solution  is  prepared  in  a  peculiar  manner,  and  upon  it  the 
success  of  the  operation  depends.  The  silicate  of  soda  has  the  property  of 
hardening  any  kind  of  concrete  in  which  lime  is  a  component.  This  sub- 
stance has  been  hitherto  too  costly  for  general  use  in  artificial  stone  manu- 
facture, and  it  becomes  caustic  by  the  absorption  of  its  silica,  so  that  it 
attacks  the  hands  of  the  workmen. 

Mr.  Highton  produces  his  solution  in  the  following  manner.  He  uses 
a  soft  kind  of  stone,  containing  25  per  cent,  of  silica,  found  at  Farnham, 
in  Surrey,  England.  This  stone  readily  dissolves  in  a  cold  caustic  soda 
■elation. 

The  solution  of  soda  is  placed  in  the  tanks  used  for  steeping  the  stone, 
and  the  Farnham  stone  is  ground  and  added  to  the  bath.  The  lime  in 
the  artificial  blocks  removes  the  silica  from  the  solution,  which  in  its  turn 
takes  up  more  silica  from  the  Farnham  stone,  and  so  maintains  its  supply 
of  silica,  thus  removing  the  objections  above  named. 

Hie  process  is  extremely  ingenious,  and  flagging,  sinks,  mantels,  coping, 
eap-ttones,  sills,  &c.,  are  produced  by  it.  Finely  cut  mouldings  are  not  sue- 
oessfiilly  produced,  and  it  seems  better  adapted  to  a  heavier  class  of  work. 

18.  Q^iarrying. — The  Engineer  may  be  so  situated  in  this  country 
that  he  may  require  to  quarry  and  raise  his  own  stone ;  the  following 
observations  will  therefore  be  useful.  The  stone  found  near  the  surface, 
which  has  been  exposed  to  the  atmosphere,  is  not  so  sound  as  that  below, 
where  it  has  been  subjected  to  pressure,  and  where  consequently  it  will 
be  of  greater  density.  On  opening  a  quarry,  the  first  consideration  is  how 
to  raise  and  deliver  the  stone  in  the  least  expensive  manner.  The  work 
sboold  therefore  not  be  began  too  low,  but  an  excavation  made  in  the 
side  of  a  hill,  in  preference  to  the  top,  that  the  road  leading  to  and  from 
it  may  be  as  gentle  as  possible.  When  necessity  compels  the  after-deli- 
veiy  from  below,  a  gentle  descent  should  be  cut  to  it,  to  assist  the  draught 
of  the  animals  employed,  if  machinery  be  not  available. 
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The  stone  is  found  in  beds  or  masses,  and  on  close  inspection  will  be 
found  subdivided  by  natural  joints  or  fissures,  at  which  places  the  stone 
has  no  natural  adhesion,  and  one  block  will  easily  part  from  another;  and 
this  may  be  done  without  fracture  to  either,  if  conducted  with  care,  though 
the  first  block  of  all  must  be  sacrificed  by  either  blasting,  or  hammer  and 
steel  wedges,  in  order  to  get  out  the  contiguous  blocks.  The  vertical 
fissures  should  first  be  sought  for,  that  correspond  with  those  in  front, 
and  the  size  and  position  of  the  contiguous  blocks  will  thus  be  exposed, 
leaving  it  for  determination  which  shall  be  the  one  sacrificed  to  enable  the 
adjoining  ones  to  be  got  out.  Steel  wedges  require  to  be  worked  with  heavy 
hammers  till  enough  of  one  stone  be  cut  away,  to  permit  the  removal  of 
the  block  required,  which  can  then  be  shifted  by  small  wedges  under  and 
on  the  undisturbed  side  of  it,  and  when  shifted,  can  be  easily  removed  by 
the  application  of  iron  crow-bars  or  levers,  raising  it  sufficiently  to  get 
rollers  underneath,  by  which  it  can  be  transferred  to  a  truck,  running 
either  on  a  rail  or  hard  prepared  surface. 

When  natural  fissures  do  not  exist,  or  smaller  blocks  are  required  than 
those  indicated  by  them,  such  fissures  must  be  made  artificially,  by  drilling 
a  line  of  holes  at  regular  short  intervals  in  the  direction  required.  A  row 
of  conical  steel-pointed  pins,  rather  larger  than  the  holes,  are  set  one  in 
each  hole,  and  struck  sharply  and  simultaneously  by  miner's  hammers, 
which  will  produce  separation ;  but  where  the  cleavage  is  easy,  dry  hard 
wooden  pegs  may  be  driyen  in,  which  if  not  successful  from  the  blows, 
may  be  made  to  swell  by  forming  a  bank  of  clay  round  them  capable  of 
holding  water,  when  the  necessary  effect  mil  be  produced,  if  the  wood  was 
previously  quite  dry. 

In  Madras,  granite  is  quarried  by  a  caste  of  men,  called  Wudders,  in  a 
very  rough  and  primitive  way.  Wood  is  piled  in  small  quantities  on  the 
surface  of  the  rock  and  is  kept  steadily  burning  for  some  hours,  when  the 
npper  layer  of  rock  expands  sufficiently  to  produce  a  separation  from  the 
substratum.  The  separation  is  accompanied  by  a  dull  bursting  sound,  and 
the  extent  of  the  severance  is  ascertained  by  a  series  of  taps  with  the 
crowbar,  the  response  of  which  is  conclusive  to  a  practised  ear.  The  next 
operation  is  to  break  up  this  loosened  bed  of  rock  into  fragments  of  a  con- 
yenient  size,  which  is  effected  by  dashing  down  a  huge  boulder  of  green- 
stone: and  it  is  wonderful,  considering  the  clumsiness  of  the  method, 
with  what  success  the  Wuddera  turn  out  handsome  square  blocks  of  stone. 
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19.  Blasting.— For  qoArrying  laige  masses  of  stone  the  process  of 
Hoiting  is  now  generally  resorted  to.  The  implements  used  in  blasting 
are  of  a  simple  charaoteri  and  consist  of  tbe^'ump«r,  with  which  the  holes 
are  made ;  the  scrapir  or  spoon^  for  clearing  the  hole  of  the  chips  pro* 
daced ;  the  nadUf  which  is  driven  into  the  charge  and  remains  while  the 
hole  is  filled  np  with  the  tamping,  so  that  when  ultimately  withdrawn  a 
channel  is  preserred  communicating  directly  with  the  powder.  While 
the  needle,  which  is  a  long  thin  copper  or  iron  rod,  remains  iu  its  place, 
the  space  around  it  is  filled  up  by  means  of  the  tamping  bar  with  clay,  &c. 

The  operations  which  constitute  the  entire  process  of  blasting  are,  boring 
the  holes,  loading  and  firing.  The  jumper  is  an  iron  bar  of  yariable  length 
according  to  the  depth  required  for  the  blast  Its  two  ends  are  tipped  with 
steel,  formed  like  knife  edges,  their  length  across  depending  on  tlie  dia- 
meter of  the  hole  for  which  they  are  to  be  used.  In  usiDg  the  jumper,  one 
man  sits  down  on  the  rock  in  a  conyenient  posture,  and  holding  the  lower 
part  near  the  bit,  he  guides  it  that  it  may  strike  fair  in  the  hole.  Another 
man  stands  upright,  and  raising  the  jumper,  perhaps  a  foot  above  the  sur- 
face of  the  rock,  he  drives  it  forcibly  home.  At  intervals,  a  little  water  is 
poured  in,  by  which  the  rock  is  to  a  certain  extent  softened,  and  the  dust 
formed  by  the  jumper  is  made  of  a  pasty  consistency,  and  thus  more  easily 
removed.  For  the  purpose  of  doing  this,  a  metal  spoon  is  used,  consist- 
ing of  an  iron  rod  having  one  of  its  extremities  beaten  out  and  curved  so 
as  to  form  a  groove,  like  half  a  hollow  cylinder.  The  under  part  of  this 
is  closed  by  a  semi-circular  disc  on  which  the  mud  filling  the  groove  rests. 

After  the  hole  has  been  sunk  to  the  proper  depth,  and  the  charge 
deposited,  it  must  be  tamped^  or  filled  in  again,  so  that  a  due  resistance 
may  be  offered  to  the  explosive  force  of  the  powder,  and  that  this  force 
may  be  directed  through  the  line  of  least  resistance,  which  is  measured 
from  the  centre  of  the  charge  to  the  nearest  surface  of  the  rock.  The 
best  material  for  tamping  is  burnt  clay :  when  small  fragments  of  the  rock 
in  which  the  blasts  are  being  prepared,  are  used,  the  process  is  never  free 
from  the  danger  of  striking  fire.*  Ant  hill  earth  forms  an  excellent  tamp- 
ing: failing  this  or  clay,  wet  sand  can  be  used,  while  dry  sand  is  the  worst, 

*  Most  of  the  BocidenU  that  oocor  to  miners  arlM  from  the  first  blows  of  the  tamping  bar  over 
Urn  diargtt :  to  obrlate  this,  the  fizvt  3  or  3  Inches  of  the  tamping  should  be  merely  pressed  down 
gently  orer  the  wadding,  and  then  the  hard  ramming  commenced  over  that ;  this  cannot  injure  the 
eftei  of  tha  aaqiloaloa,  aa  it  ia  genarally  acknowledged  that  a  smaU  vacant  space  about  the  powder 
If  amtUag*  to  InentM  tti  pow«r« 
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that  is  offers  least  resistance  to  the  force  of  the  powder.  The  tamping  bar 
is  a  heavy  brass  rod,  of  a  diameter  a  little  less  than  that  of  the  hole  iu  which 
it  is  to  be  tised|  and  slightly  tapering  at  the  extremities.  At  each  end, 
an  open  groove  is  formed  along  the  side,  to  admit  of  the  bar  being  used 
with  facility,  while  the  needle^  to  be  described  immediately,  is  placed  in  the 
hole.  Brass  is  selected  for  tamping  bars,  to  avoid  the  risk  of  accidents 
from  the  charge  being  ignited  by  sparks,  which  wonld  be  strnck  were 
iron  or  steel  to  be  employed.  In  nsing  the  bar,  the  tamping  material 
is  pnt  into  the  hole,  in  small  quantities,  sufficient  to  fill  from  an  inch  to  an 
inch  and  a  half  at  a  time,  and  each  is  well  and  firmly  rammed  home  by 
successive  blows.  The  time  required  varies  with  the  material  used,  and 
the  quality  of  the  tamping  depends  much  on  the  dexterity  of  those  em* 
ployed. 

Through  the  tamping,  it  is  necessary  that  a  communication  with  the 
charge,  for  the  purpose  of  priming,  should  be  made.  This  is  done  by 
means  of  the  priming  needle,  which  is  a  thin  metal  rod  having  a  loop  handle 
at  one  extremity,  and  pointed  at  the  other.  Copper  is  a  bad  material  for 
priming  needles  on  account  of  its  softness ;  those  of  iron  about  1-1 6th  of 
an  inch  in  diameter  answer  better,  and  to  guard  against  accident  by  sparks 
being  struck  by  them,  they  may  be  tipped  with  brass.  In  nsing  the 
needle,  it  is  necessary  to  grease  it  well  before  the  tamping  is  commenced, 
and  to  turn  it  frequently  during  the  process,  since  the  friction  ultimately 
becomes  so  great,  as  to  cause  nearly  half  tlie  time  required  for  tamping  to 
be  consumed  in  withdrawing  the  priming  needle. 

The  space  occupied  by  the  priming  needle  is  filled  with  fine  powder 
(which  is  sometimes  confined  in  a  straw  or  fine  reed)  and  which  is  fired 
by  means  of  a  slow  matcli,  made  of  paper  or  linen  soaked  in  a  strong 
solution  of  nitre  or  gunpowder ;  and  this  must  be  so  arranged  as  to  give 
the  person  firing  it  time  to  retreat  before  the  powder  explodes. 

If  Bickford'e  fuze  can  be  procured  it  is  much  safer  and  should  invari- 
ably be  used :  in  this  case  the  priming  needle  is  not  employed  :  the  fuze 
being  placed  in  the  centre  of  the  bore  while  the  tamping  is  rammed  home 
round  it.  In  extensive  operations,  when  a  heavy  charge  or  series  of 
charges  is  to  be  fired ,  the  voltaic  battery*  is  now  generally  employed.  A 
good  blast  should  produce  a  smothered  (not  a  loud)  report,  and  the  mass 
of  rock  should  be  thrown  down  without  being  blown  into  fragments. 

•  iSH  **  bUsUng  undor  WAter  *'  Vol  II.,  Sooond  iltUUua  txom  p.  779,  ko. 


F!ftf  to  iiixtj  holes,  aMoHinfr  to  oircnniBtaiiees,  of  less  diatneter,  bnt  of 
■boot  eqiuil  depth,  were  theo  driven  into  the  remainder  of  the  face,  All 
th«  holes  were  then  dried,  and  cleaned  by  jets  o(  compressed  air,  the 
"  AfRit"  wu  iritbdrawn  behind  strong  iron  bound  doors,  and  six  of  the 
amall  holes  nearest  to  the  Urge  one  were  charged  and  fired.  Tlie  force 
of  the  explosion  went  in  the  direction  of  leant  resistance,  that  was  toward 
the  centre  hole,  and  a  breich  was  made  snch  as  is  indicated  in  the  long^- 
tadioal  section,  bj  the  thick  dotted  line.  The  remaining  holes  were  then 
charged  and  fired  iii  sets  of  six  or  eight  at  a  time,  those  ntarest  to  the 
breach  being  exploded  first.  This  system  was  found  more  economical  than 
firing  a  laige  number  of  shots  at  one  time.  The  wagons  nere  then  ad- 
Tanced,  and  the  debris  was  cleared  away ;  the  two  pairs  of  rails  at  the  aides 
shown  in  the  cross  section,  were  for 
wagonettes,  whose  contents  were  after- 
wards tranefeired  to  large  wsgons. 
Ibe  "  AMfwss  then  again  advanced. 
Iheie  (iterations  were  repeated  with 
unvarying  regularity  twice  every  day. 

The  "  Aflflt "  is  a  ponderous  frame 
npporting  nine  of  the  machines  known 
as  "  perfbratrices,"  each  perforatrioe 
propelled  a  boring  rod  which  struck 
the  rock  at  the  rate  of  200  strokes  per 
miirate,  wiA  a  forceof  200  lbs.  Tbese 
perforatoiees  were  driven  by  means  of 
compressed  air:  the  compressive  force 
being  obtained  from  the  water  of  a 
sxmntain  stream  near  the  month  of  the 
taud.  Th.  nrkiog  of  .  "perfor-  '"SS"£,SS'.2S!."' 
■trice"  is  thos  described  by  an  eye  vritness. 

"The  perforstrice— a  rimplo-locAiDK  cylinder  Sxad  in  a  square  frame,  andeon- 
Btetad  Willi  a  few  pipoi  aad  itop-cocks,— wai  placed  in  a  fresh  position  in  front  of  the 
ixk,  aad  at  a  ugn  from  the  engiDcor,  wan  set  In  motion.  A  boring-rod  darted  ost 
Gka  m  flash  of  lightning,  went  with  a  crush  agidnst  a  new  part  of  the  rock,  chipped 
eat  Kvenl  fngmentiKt  ablon.and  witbdrcH  isqiiicklyu  it  had  advanced.  Bang, 
bang,  it  went  a^ain  with  tfae  noiae  of  a  gong.  In  ten  aeconds  the  head  of  the  borer 
ksd  taloi  itself  a  hole  ;  in  a  minnta  it  had  alt  bat  diaappeared,  in  twelve  it  had 
driOedahcrie  neariy  a  jard  deep,  as  cleanly  as  s  carpenter  could  in  a  piece  of  wood. 


ThA  rod  n^  only  moTed  btekwtrdi  and  fonraErds  rad  idvffioed  as  the  hde  gi^if 
deeper,  but  turned  gently  round  the  whole  time  ;  a  jet  of  water,  projected  wiHi 
great  force,  cooled  the  chisel,  and  washed  out  the  chips.  More  air  was  turned  on  ; 
the  sound  of  the  blows  could  no  longer  be  distinguished  one  from  another,  they  made 
ft  eontraous  ratile,  and  the  rate  was  increased  from  two  hundred  to  no  leas  thaa  three 
hundred  and  forty  strokes  per  minute,  or  about  half  as  fast  again  as  the  motion 
of  the  piston  •rod  of  an  ordinary  express  locomotiro  when  going  sixty  miles  an 
hour. 

21.  The  following  is  an  account  of  the  quarrying  operations  at  Porta- 
pore,  near  Allahabad,  from  **  Professional  Papers  on  Indian  Engineering," 
Vol.  II.,  (First  Series). 

The  length  of  the  quarry  runs  in  the  direction  of  the  strike,  and  the  stone  bedi 
are  continuous  the  whole  length,  in  almost  perfectly  horizontal  beds,  forming  a  roost 
valuable  quarry.  Supposing  the  quarry  to  be  worked  to  a  depth  of  20  feet,  at  least 
2}  lakhs  of  ashlar,  and  one  lakh  of  rubble  can  be  procured  ;  the  cost  of  opening  the 
quarry  will  add  less  than  2  annas  per  foot  on  to  this  amount  of  ashlar,  and  tha  tosi 
at  per  cubic  foot  will  be : — 

B.  A.  P. 

Opening  quarry,  -  -  -  -  -020 

Quarrying  (with  contingencies),  -  -  -       0    i    0 

Carriage  to  boat  (including  cost  0^  tramway),     -       0    2    0 

„       by  boat,  -  -  -  -       0    1    6 

„       to  dte  of  building,         -  •  -       0    1    6 

Total,       -       0  10    0 

10  aanaa  per  cnbie  foot  for  ashlar  of  all  slies  delivered  at  site. 

in  April  1864,  from  twenty  to  thirty-flre  blasts  were  fired  every  day  in  this  moath, 
working  on  an  area  of  12,000  square  feet ;  80,000  cubic  feet  were  excavated,  and 
removed,  which  gives  in  round  numbers  6^  feet  as  the  average  depth  of  excavation 
per  month  for  this  description  of  work  ;  of  this  at  least  50,000  cubic  feet  were  broken 
or  loosened  by  blasts.  The  area  of  the  quarry,  within  certain  limits,  signifies  little 
the  number  of  workmen  who  can  be  employed  being  proportional  to  the  space.  This 
work  has  for  sometime  been  done  by  contract  at  Rs.  16  per  1,000  cubic  feet  down  to 
good  stone  beds  ;  being  Rs.  12  for  excavation,  blasting  and  removal  of  rubbish,  and 
Rs.  4  for  the  removal  of  the  larger  boulders  by  bnndaniea  ;  the  lead  for  spoil  being 
on  an  average  200  feet,  powder  and  tools  being  supplied  by  Government.  The 
contractor  also  received  Rs.  1-8-0  per  1,000  cubic  feet  for  all  rubble  procured  dur- 
inic  the  excavation.  Up  to  the  first  of  October  1864,  650,000  cubic  feet  have  been 
excavated. 

I  p  to  the  above  date,  2,400  lbs.  of  blasting  powder  have  been  expended,  whi6h 
gives  8*7  lbs.  per  1,000  feet  of  excavation.  Three  sizes  of  jumpers  were  used-^fbr 
hard  boulders,  14-inch  {  for  loose  sand  stone  and  shales,  2i-inch  ;  for  shallow  beds 
of  the  same,  4|-iiich.  They  were  12  and  8  feet  long,  tipped  at  both  ends  ;  the  1  |-itich 
laldnB  i  seer  ol  stbel  for  both  ends  }  the  ^l^inoh  taking  |  seer  ;  the  4|*ineh  takifig 
S)  ssefh,    JA  hard  sttee  tiie  li-inoh,  nllng  both  ends,  would  Jump  8}  Mt  With- 


oaft  teiog  ihaipflMd.  TU  tandiUmM  tad  ihalM  vtty  ao  modi  tbat  it  is  difienlt  to 
gire  a  like  ATenge  for  the  2f>iiich  jampera.  In  hard  stone,  with  l^-inch  jnmper^, 
two  men  could  jvaap  a  hole  8  feet  in  a  daj,  bot  the  average  was  not  so  good  :  with  a 
2|-inch  jomper,  they  conld  not  do  more  than  1  foot  8  inches. 

In  moderatelj  hard  shale,  two  men  ooold  jamp  two  holes  2f  inches,  8|  feet  deep  in 
the  daj,  bat  not  so  mach  with  deeper  holes  ;  in  the  friable  sandstone,  two  men  conld 
jomp  2  boles  2}  inches  from  8  to  12  feet  deep. 

At  first,  stone-cntters  were  employed  for  jumping,  bnt  afterwsids  beldars  were 
tanght  and  paid  at  the  rate  of  2|  annas  per  day.  The  charges  for  blasting  were 
calcolated  on  "  the  cnbes  of  the  lines  of  least  resistance,"  taking  a  4^nnce  charge 
for  2  feet  as  tiie  standard  ;  thns  a  3  feet  line  of  least  resistance  wonld  require  8' :  2' 
;  :x  :  4  ounces  .*.  x  =  13)  onnces.  This  was  found  to  answer  well  for  stone  ;  and  for 
shale,  two-thirds  of  tlus  was  ample  ;  bnt  the  loose  sandstone  took  considerably  more, 
though  soft ;  the  sand  being  cemented  with  a  soft  argillaceous  cement,  it  was  com- 
pressible and  withstood  the  shock  better. 

The  tamping  was  of  clay,  moderately  dried  in  small  rolls  in  the  workshop.  Car- 
tridge paper  soaked  in  a  solution  of  I  ounce  of  saltpetre  and  4  ounces  of  water,  was 
nsed  for  igniting  the  charges.  Rammers  with  copper  ends,  copper  needles,  and  long 
ixon  iooopa  were  made  on  tiie  works. 

Ko  terions  accident  has  occurred  in  the  quarry  or  in  blasting ;  twice  men  hare 
been  slightly  burnt  from  carelessness  in  lighting  the  touch  paper. 

The  tods  nsed  for  quarrying  are  very  simple  ;  large  hammers  and  wedges,  which 
sn  supplied  by  GoTemment,  and  small  luunmers  and  chisels,  which  the  workmen 
tibenwelves  procure* 

The  large  hammers  and  wedges  are  best  made  from  the  raw  country  iron  }  those 
Bade  of  English  iron  (as  procurable  in  the  Indian  market)  are  very  inferior  and 
bteak  or  crack  after  a  few  days  work  }  country  iron,  being  extremely  tough,  scarcely 
•Tcr  breaks,  and  the  hammers  and  wedges  when  gradually  flattened  by  use  can 
easfly  be  made  up  again.  The  iron  nsed  here  oomes  from  Rewah  on  pack-buifaloes, 
in  pieces  of  from  10  seers  to  1  msund  in  the  rough  state.  From  a  piece  weighing 
7|  seers,  6  seen  of  iron  was  worked  into  a  wedge,  but  the  average  is  not  so  good, 
being  about  60  to  70  per  cent  The  price  of  this  delivered  at  the  quarries  is  from 
Ba  4-6-0  to  6  per  maund. 

The  worldng  of  this  from  its  rough  state,  of  course  involves  a  great  deal  of  msnusl 
labor,  and  costs  from  Rs.  10  to  18  per  maund,  bnt  the  product  is  excellent,  which  may 
be  attrlbated  to  the  original  qoslity  of  the  iron,  to  the  hand  forging,  or  chsrcoal  fuel; 
bat  probably  to  all  tiiree  combined. 

The  stone  lies  in  beds,  through  the  breadth  of  which  it  is  first  necesssry  to  chisel  a 
ticBdi,  in  order  that  blocks  may  be  split  off  ;  a  trench  28  feet  long  in  a  bed  2  feet  4 
indiea  deep,  cost  Rs.  58.  This  trenph  was  I  foot  6  inches  wide  at  top,  8  inches  at 
bottoin,  giving  a  cubical  content  of  70  feet ;  this  gives  18|  annas  an  the  cost  of  chisel- 
isf  out  per  cubic  foot,  paying  the  men  at  the  rate  of  6  annas  per  day,  bnt  it  mipht 
have  been  done  cheaper  than  this. 

The  method  of  working  the  stone  is  this  ;  the  dimensions  having  been  marked  off 
holes  are  chiseled  along  these  about  8  inches  apart,  from  8  to  6  inches  deep,  from  4  to 
6  fadMB  lomr,  and  2|  inches  wide,  into  i^hich  wedges  are  put,  and  stmek  from  end  to 
m4  cf  tiM  Uob  with  heavy  hammen  nntll  the  stone  split    This  is  precisely  the 
mam  wMod  as  that  used  in  Sngland,  aod  was  probably  known  in  India  before 
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I?pgian<i  existed  as  a  nation  ;  old  Bhnr  forts  near  showing  marks  of  smaller  wedge 
holes. 
The  rates  now  being  paid  for  qnarrying  are— 

B.  A.  p. 
For  ashlar,  1  to  20  cnbic  feet,  per  foot,  -  -       0    2    0 

„         20  to  40         „         „         •  -  -       0    2    6 

„    flags,  2  inches  thick,  -  •  -       0    3    0 

Bongh  dressing  the  ashlar,  -  -  -       0    1    0 

For  large  mbble,  per  100  cnbic  feet,   -  -  -       8  14    0 

„    small      „  „  ---ISO 

The  ashlar  is  rongh  dressed  before  it  is  taken  ont  of  the  qnarry  ;  this  haa  been 
found  to  save  two-fifths  of  the  canriage. 


CHAPTER     II. 
BRICKS. 

S2.  Bbiokb  are  made  of  tempered  clay  formed  in  a  monld  to  the 
requisite  size  and  Bhape,  and  then  dried  in  the  son.  In  this  condition  they 
may  be  nsed  for  building,  and  are  called  sun-dried  bricks,  or  in  Hindoo- 
stanee,  kucha.  For  most  permanent  works,  the  bricks  are  hardened  by 
strong  heat  in  a  kiln,  and  when  thus  prepared  are  called  burnt  or  kihi 
bricks;  in  this  ooontry,  pucka.  But  on  account  of  imperfections  in  the 
application  and  distribation  of  the  heat  in  a  kiki,  it  nerer  happens  that  all 
the  bricks  pat  in  are  thoroughly  fired  to  the  required  extent  and  no  further. 
Borne  which  hare  not  receired  suiBcieDt  heat  are  only  partially  hardenedi 
and  such  are,  from  their  generally  ydbwuh  tinge,  known  as  peda  bricks. 
Some  also  may  hare  received  too  much  heat;  when  this  happens,  and 
especially  if  they  contain  a  large  proportion  of  sand,  they  are  more  or 
less  vitrified,  and  when  cool,  are  dark-colored,  hard,  and  brittle.  Such  are 
also  in  general  distorted,  and  when  this  over-burning  has  proceeded  to  a 
great  extent,  they  are  found  partially  fused  and  run  together  into  masses, 
frequently  of  large  size.  These  irregular  lumps  of  over-burnt  bricks  are 
called  jh6ma. 

A  sound  and  well-bumt  brick  is  generally  of  a  clear  and  uniform  color, 
depending  on  the  nature  of  the  clay  of  which  it  is  made,  and  partly  also 
on  the  kind  of  fuel  with  which  it  has  been  burned.  Bricks  of  a  deep  red 
color  are  generally  good.  A  good  test  of  hardness  is  that  the  finger 
nail  should  not  be  able  to  make  any  scratch  or  mark  on  the  surface  of  the 
brick ;  and  it  should  emit  a  clear  ringing  sound  when  struck.  An  im- 
perfectly burned  or  pUla  brick  possesses  neither  of  these  qualities.  By  its 
ready  absorption  of  damp  from  the  air,  it  is  very  liable  to  be  affected  by 
the  action  of  saltpetre  or  other  salts,  which,  on  crystallizing,  cause  the  brick 
to  crumble  away.  It  is  incapable  of  withstanding  contmued  exposure 
to  the  action  of  water ;  it  softens  and  is  liable  to  be  crushed.  A  perfectly 
bmned  brick  will  remain  any  length  of  time  under  water  uninjured,  and  this 
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qnalitj  is  so  essential  in  hydraulic  works,  that  the  absorbing  power  of  the 
bricks  employed  should  be  carefully  tested  beforehand,  and  if  it  exceeds 
i\fth  of  the  dry  weight,  the  bricks  should  inyariably  be  rejected. 

23.  Briok-earth.  ~The  first  part  of  the  process  of  brick-making  is 
the  preparation  of  the  clay.  It  should  neither  be  Tery  stiff  and  ''  fat," 
as  it  is  called,  nor  rery  loose  and  sandy.  If  the  former,  the  brit  ks  are 
Tery  liable  to  crack  in  drying,  and  are  more  likely  to  be  imperfectly 
burned ;  if  the  latter,  they  are  soft  and  fragile,  and  more  apt  to  fuse  in 
]i)uming. 

All  clays  burning  red  contain  oxides  of  iron,  and  those  having  from  9 
to  10  per  cent,  uuru  of  a  blue,  or  almost  a  black  colon  The  bricks  are 
exposed  in  the  kilns  to  great  heat,  and  when  the  body  is  a  fire-clay,  the 
iron  unites  with  a  portion  of  the  silica,  forming  a  fusible  silicate  of  protox- 
ide of  iron,  wjbich  melts  into  an  external  glaze.  Bricks  of  this  descrip- 
tion are  common  in  Staffordshire,  and,  when  made  with  good  machinery 
(that  is,  the  clay  being  very  finely  ground),  are  8up«>rior  to  any  otlierjs^ 
particularly  for  docks,  canal  or  river  locks,  railway-bridges  and  ?iaductf. 
Ia  some  places  these  bl\ie  bricks  are  commonly  employed  for  paving  ptycv 
poses.  Qther  clajs  contain  lime  and  po  iron;  these  burn  white,  and  UHf9 
les^  heft  than  any  other  to  burn  hard  enough  for  the  use  of  the  builclefj 
the  lime  acting  as  a  flux  on  the  silica.  Many  clays  contain  iron  and  Ijtn.e } 
when  the  lime  is  in  excess,  the  bricks  are  either  of  a  light  dun  color,  or  w)iite^ 
i^  proportion  to  the  quantity  of  that  earth  present ;  if  magnesia  is  present, 
they  have  a  brown  color ;  and  if  iron  is  in  excess,  they  bum  from  a  pale  ce4 
to  the  color  of  cast-iron,  in  proportion  to  the  quantity  of  metal. 

There  are  three  classes  of  brick  earths: — 

]Lst.  Plastic  clay  composed  of  aluniina  and  silica,  in  different  prpppr- 
UonSj  and  containing  a  small  percentage  of  other  salts,  as  of  iron,  linjie, 
soda,  and  magnesia. 

2pd.    Loams,  or  sandy  clays. 

drd.  Marls,  of  which  there  are  also  three  kinds ;  clayey,  sandy,  and 
calcareous,  according  to  the  proportions  of  the  earth  of  which  they  are 
composed,  viz.,  alumina,  silica  and  lime. 

Alumina  is  the  oxide  of  the  metal  aluminium,  and  it  is  this  substance 
which  gives  tenacity  or  plasticity  to  the  clay-earth,  having  a  strong  affinity 
for  water.  It  is  owing  to  excess  of  aluniina,  that  many  clays  contract  top 
much  in  drying,  and  often  crack  on  exposure  to  wind  or  sun.     By  tho 
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addition  of  sand,  tills  day  would  make  a  better  article  than  we  often  see 
produced  from  it.  Clays  contain  magnesia  and  other  earthy  matters,  bat 
these  yary  with  the  stratum  or  rock  from  which  they  are  composed.  It 
would  be  impossible  to  g^ye  the  composition  of  these  earths  correctly,  for 
none  are  exactly  simOar;  but  the  following  will  giye  an  idea  of  the  propor- 
tioiis  of  the  ingredients  of  a  good  brick  earth — silica,  three-fifths ;  alumina, 
one-fifth;  iron,  lime,  magnesia,  manganese,  soda  and  potash  forming  the 
other  one-fifth. 

If  any  grayel  is  mixed  with  the  clay,  it  must  be  carefully  separated. 
It  is,  howeyer,  often  so  mixed,  that  before  the  clay  is  fit  to  be  moulded 
into  bricks,  it  should  be  subjected  to  the  process  of  being  passed  between 
rollers  and  afterwards  through  the  pug-mill;  though  if  the  former  has  done 
its  work  well,  and  effectually  crushed  the  grayel,*  the  pug-mill  need  not  be 
need  except  for  the  preparation  of  moulding,  arch,  and  column  bricks,  and 
particularly  for  tile-making.  The  grayelly  clay  is  generally  of  a  yellow 
ochieish  color,  and  the  pebbles  containing  lime,  would,  if  burnt  with  the 
day,  expand  and  split  the  bricks.  Attention,  howeyer,  is  necessary  in  the 
Qse  of  this  clay  or  marl  containing  lime,  as  but  a  yery  small  proportion 
of  that  snbstance  is  admissible  in  brick  clay,  and  then  only  in  a  pulyerised 
state.  The  presence  of  lime  can  easily  be  tested  by  pouring  a  little  acid  on 
a  solution  of  the  clay,  when,  if  it  be  present,  an  efferyescence  will  be  ap- 
parent. In  alluyial  soils,  bricks  made  of  the  upper  earth  are  apt  to  crack 
in  drying,  and  warp  in  burning,  howeyer  well  tempered  or  mixed  with  other 
ingredients:  such  soil  is  therefore  to  be  remoyed  and  better  clay  sought  for 
below. 

In  India  by  far  too  little  attention  is  paid  to  the  preparation  of  brick- 
earth.  The  soil  should  be  dug,  and  if  not  naturally  fit  for  the  purpose, 
ought  to  be  artificially  rendered  so,  by  the  following  means :  — Quantities  of 
clayf  each  equal  to  the  manufacture  of  about  2,000  bricks  or  260  cubic  feet, 
are  to  be  dug  up  before  the  cold  weather,  (September  and  October,) f  and 
laid  on  leyelled  ground,  which,  if  a  little  below  the  general  surface  is 
better.     If  sand  is  required,  it  is  then  added ;  if  not,  the  clay  is  worked 

*  This  is  tlie  practice  in  Warwickshire,  where  the  best  bricks  in  England  are  made. 

t  Earth  impregnated  with  reh  (snlphate  of  soda),  which  abounds  in  the  N.  W.  Provinces  and  the 
Ptin^b  is  wholly  unfit  for  brick-making. 

I  It  is  generally  known  by  the  month  of  October,  what  work  ia  likely  te  bo  undertaken  during 
the  foUowing  year,  and  the  quantity  of  clay  can  be  accordingly  prepared,  and  sufScicnt  bricks 
obtained  to  last  till  the  suooeeding  year's  kilns  are  burnt. 
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without ;  bat  in  either  case,  it  is  subjected  to  a  tempering  process  ;  being 
cut,  slashed,  and  well  worked  with  spades  or  phaorahs,  adding  water  to 
soften  it.  If  the  clay  is  grayellj,  it  is  to  be  passed  between  the  rollers 
preyious  to  being  tempered.  When  the  clay  has  been  well  worked  for 
several  days  till  no  lumps  are  perceptible,  it  should  be  left  till  February, 
when,  the  sun  getting  warmer,  the  whole  will  have  become  an  uniformly 
soft  and  yielding  mass.  This  process  should  be  considered  necessary  as 
well  for  sun-dried  as  for  kiln-burnt  bricks,  and  even  for  the  clay  plaster 
with  which  the  former  are  almost  always  covered,  to  which  a  proportion 
of  cow-dung  should  be  added. 

24.  The  Clay-crushing  Rollers^  may  be  of  iron  or  yery  hard  stone ; 
their  length  is  3  feet  and  diameter  18  inches,  laid  horizontally  and  close 
together.  The  outer  ends  of  the  axles  turn  in  brass  channels,  ff(aee 
Plate  I.,  Figs.  2,  3,  4,),  with  a  slight  inclination  towards  the  centres,  and 
are  prevented  from  sliding  when  hard  substances  are  being  crushed,  by 
preyentiye  screws.  On  the  inner  ends  of  the  axles  at  &,  are  toothed  wheels 
of  the  same  diuneter  as  the  cylinders,  to  commanicate  rotary  motion  from 
one  axle  to  the  other.  The  axle  of  one  is  prolonged  by  a  shaft  about  20 
feet  long,  carrying  at  the  extremity  a  bevelled  wheel  dy  worked  by  a  motive- 
wheel  e,  6  feet  diameter,  the  axle  of  which  is  raised  to  the  height  of  a 
horse's  shoulder  or  bullock's  neck,  to  which  an  arm  is  fixed  for  cattle  to 
be  attached  to.  The  motive- wheel  is  level  with  the  cylinders,  and  the 
connecting  shaft  supported  midway,  as  at  c,  in  a  block  and  brass  box. 
Just  below  the  rollers  is  a  pit  to  receive  the  crushed  clay,  and  scrapers 
are  so  suspended  under  the  rollers,  that  their  edges  press  against  the  sur- 
faces of  the  cylinders,  to  scrape  off  all  clay  that  adheres,  which  would 
otherwise  clog  the  motion.  Counter- weights  aa  are  suspended  in  pro- 
longation of  the  blades  to  keep  the  edges  close  to  the  cylinders. 

25.  Fug-milL — In  Plate  II.,  are  given  the  plan  and  sections  of  a 
pug-mill  for  tempering  clay  for  bricks.  The  clay  is  put  in  at  top,  and 
water  is  added  as  required  to  moisten  it,  the  mill  being  kept  constantly 
at  work.  It  is  turned  by  bullocks.  There  are  six  hoops  on  the  tub,  2 
inches  wide  and  half  an  inch  thick.  The  six  top  knives  are  4  inches  wide, 
and  are  bolted  into  the  spindle,  at  an  angle  of  45  degrees,  having  teeth 
let  into  them :  the  blades  of  the  teeth  are  4  inches  long,  without  the  screw 
and  nut  which  attaches  them  to  the  knives.  The  teeth  are  fastened  to 
the  knives  at  unequal  intervals.    The  seventh,  bottom,  or  shooting  knife 
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has  no  teeth,  is  6  inches  wide,  and  let  into  the  spindle  at  an  angle  of  55 
degrees.  The  mill  must  be  sank  two  feet,  to  allow  of  the  soil  being  con- 
veniently thrown  in  from  above,  and  also  to  avoid  having  a  raised  track 
for  the  bullocks.  There  mnst  be  a  ramp  down  to  D,  and  a  space  exca- 
vated there  for  the  mad  to  come  out  at,  and  to  allow  of  its  being  carried 
away.  A,  B  and  G,  are  permanently  built  up  with  bricks;  D  is  only 
stopped  when  the  mud  is  first  put  in,  until  it  is  sufficiently  prepared  for 
the  moulder,  when  the  tamping  is  withdrawn,  and  not  again  replaced 
while  the  mUl  remains  in  constant  daily  use. 

26.  Soorkee. — The  natare  and  properties  of  soorkee  or  pounded  brick| 
will  be  considered  in  detail  when  treating  of  "  mortar,"  but  it  is  in  the 
immediate  neighbourhood  of  the  brick  kilns  that  its  manufactory  should 
be  located,  because  the  broken  bricks  as  they  come  from  the  kilns,  in- 
stead of  being  carried  to  the  works,  which  they  often  wastefally  are,  or 
otherwise  lost  sight  of,  can  be  made  into  soorkee  and  placed  under  sheds 
ready  to  receive  it,  or  carted  to  the  mortar  trough  as  required.  Only 
pieces  of  bricks,  of  which  there  will  always  be  plenty,  should  be  used  up 
into  soorkee,  and  the  fresh  burnt  clay  is  easier  to  crush ;  by  some  also  it 
is  said  to  make  better  mortar  than  when  stale ;  although  this  does  not 
accord  with  General  Treussart's  experiments  on  artificial  puzzuolana, 
(vide  Chapter  lY.)  A  pair  of  crashing  stones  attached  to  each  set  of  kilns 
will  always  keep  up  the  supply  needed,  and  the  whole  arrangement  is 
fraught  with  economy  as  well  as  productive  of  good  material.  The  stones 
should  be  fully  5  feet  in  diameter  and  12  to  15  inches  thick,  working  in  a 
finnly  set  iron  trough  with  a  raised  edge,  and  one  oblique  mouth  for 
delivery  of  the  soorkee  as  it  is  crashed  out.  The  wheels  are  set  on  the 
same  axle  at  different  distances  from  the  centre,  and  scrapers  of  thin  iron 
attached,  to  prevent  adhesion  of  the  soorkee  to  the  surfaces  of  the  stones.* 
In  most  Indian  brick-fields,  however,  soorkee  is  pounded  by  the  hand,  or 
by  a  rude  tilt  hammer  worked  by  the  feet.  If  the  soorkee  be  required 
for  hydraulic  mortar,  it  must  be  thoroughly  ground  down  into  impalpable 
powder. 

27.  The  weight  of  bricks  is  not  uniform,  depending  much  on  the  kind 
of  soil  of  which  they  are  made.  English  bricks  weigh  about  125  tt>s.  per 
tabic  foot.    Indian  bricks  appear  generally  to  be  somewhat  lighter,  and  to 

•  A  iteam  engine  of  small  power  might  be  economically  employed  to  work  the  roUen,  pag- 
nfll,  and  cnuhing  atones. 
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arera^  nnder  100  Bw.,  though  some  lately  weighed  at  Boorkee  aTeraged 
6  seers  each,  being  12  X  6  X  2^  inches,  equivalent  to  116  fta.  per  cnbic 
foot.  The  specific  graTity  of  brick  is  1-841 ;  it  absorbs  Vb*  of  ^*» 
vei^t  of  water ;  and  is  crashed  by  a  force  of  962  ftie.  on  the  square  inch, 
if  perfectly  well  hnmt. 

28.  Moulding, — The  Mould  for  fMming  the  bricks  is  ^tJi  to  ^th 
arger  than  the  size  of  brick  to  be 
made,  as  the  clay  shrinks  in  bnming. 
The  size  of  mould  fonneily  iu  ase  at 
Boorkee  and  in  other  parts  of  these 
ProTinces,  meaBures  13  X  61  x  2} 
inches,  and  the  arerage  size  of  the 
pacta  brick  is  12  X  6  X  2^  inches. 
As  however,  Uie  thickness  of  walls  is 

generally  calcnlated  in  even  feet  and  half  feet,  the  bricks  oaght  to  be 
somewhat  less  than  a  foot  in  length  to  allow  for  mortar  joints,  plaster, 
&c.,  and  their  breadth  shoald  be  something  less  than  half  their  length,  in 
order  that  two  keadera  with  a  mortar  joint  between  them  may  corer  a 
Btrttcher  or  the  fnll  length  of  a  brick  :  a  convenient  size  therefore  is  11^  X 
5^  X  2|  inches,  which,  withmost  brick  soils,  woald  require  that  themonlds 
ahoald  be  12^  X  6  x  2|  inches.  English  sized  bricks  are,  however,  now 
generally  coming  into  use  in  India. 

The  bricks  in  ase  on  the  East  Indian  Railway  measure,  for  the  most 
part,  9  X  4  X  2^  inches;  the  price  of  moalding  ranges  from  8  to  12  annas 
per  thousand,  according  to  the  sapply  of  labor.  A  natire  monlder, 
assisted  by  a  boy  to  supply  the  clay,  and  a  woman  to  remove  the  bricks, 
con  make  1,200  (or  more)  bricks  by  an  ordinary  day's  labor.  Generally 
the  moulder  has  one  woman  to  take  away  the  bricks  as  he  makes  them, 
and  the  average  number  he  moulds  a  day  rarely  exceeds  500. 

Brick  moulds  are  made  of  any  hard  wood,  which  should  be  thoroughly 
seasoned,  and  the  edges,  which  wear  very  fast,  should  be  protected  by  a 
thin  strip  of  iron.  Moulds  should  be  frequently  ganged,  especially  when 
the  brick-makers  find  their  own  moulds,  or  the  bricks  made  will  vary 
much  in  tiiickness.  In  England,  brick  moulds  are  now  made  lined  with 
brass,  which  shows  the  importance  attached  to  the  correct  moulding  of 
bricks. 

Two  methods  of  moulding  are  known  m  England,  »!op  and  sand  mould- 
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iDg.  In  ihe  former  the  mould  is  dipped  in  water  every  time  it  is  used, 
in  the  latter,  it  is  sprinkled  with  fine  sand  or  with  ashes  from  an  old  hrick 
kiln.  In  either  case  the  brick- earth  should  not  be  used  too  wet;  and  it 
should  be  pressed  carefully  and  thoroughly,  so  as  to  fill  the  moulds.  The 
superfluous  earth  is  then  removed  by  a  strike,  which  is  A  straight  edge  of 
wood  or  metal  passed  along  the  top  of  the  mould,  and  pressed  well  down 
on  its  edges.  Steel  strikes  are  best,  as  wooden  ones  are  cut  by  the  edge 
of  the  brick  mould,  and  then  scrape  away  too  much  of  the  surface  of  the 
brick,  thereby  rendering  its  thickness  irregular. 

In  England,  bricks  are  moulded  on  boards  or  benches ;  in  India,  mostly 
on  the  ground,  which  should  be  made  as  smooth  and  even  as  possible.  At 
Roorkee,  smooth  plastered  terraces  have  been  used,  the  surface  sprinkled 
with  fine  sand  or  ashes.  The  bricks  are  moulded  side  by  side  till  the  ter- 
race is  covered,  they  are  then  left  on  it,  till  dry  enough  to  be  turned  on 
edge  without  loss  of  shape  ;  then,  after  another  short  interval  stacked ;  or, 
as  it  is  called  in  England,  laid  in  a  hack. 

At  Boorkee  a  moulder  makes  generally  from  800  to  1,000  bricks  per 
diem.  He  can  mould  a  larger  number,  but  they  are  then  apt  to  be  less 
carefully  made  and  inferior  accordingly.  The  number  of  attendants  on  each 
moulder  to  supply  clay,  water,  <&c.,  will  depend  on  the  distance  of  the 
moulding  ground  from  the  place  where  the  clay  is  dug,  and  both  of 
these  from  the  water.  And  this  is  a  point  requiring  consideration  before 
beginning  to  make  bricks,  as  it  is  one  which  will  materially  affect  their 
cost.  The  following  is  a  detail  of  the  usual  monthly  amount  of  labor 
required,  with  the  expense  of  every  four  moulders,  having  eleven  beldars 
to  assist. 

1  Moalder,  at  6  Rs.  per  meosem,         6    0    0 

2|  BeldarB,  at  4  ditto, 11    0    0 

Sundries, 100 

Total  Bs.,    ..      18    0    0 

In  one  month  of  26  working  days,  1,000  bricks  being  moulded  per  diem, 
Ihe  total  number  will  be  26,000,  or  deducting  ten  per  cent,  for  breakage, 
23,400,  costing  Rs.  18;  or  Rs.  76-14-9  ^6r  lakh. 

If  the  quantity  made  by  each  moulder  is  800  only  per  diem,  the  total 
number  will  be  20,800,  or,  with  deduction  as  above  for  loss,  18,720 ;  the 
rate  per  lakh  bemg  Rs.  96-2-6. 
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29.  Maehine  Made  Bricks.  Bricks  are  made  also  by  machines. 
One  description  (HalPs)  has  been  very  snccessfally  used  at  Roorkee.* 
This  combines  the  png-mill  for  preparing  the  brick-earth  with  the  appa- 
ratos  for  moulding,  the  clay  being  discharged  directly  from  the  former 
bto  the  latter.  All  pebbles,  gravel,  <S:c.,  must  therefore  be  separated 
from  the  earth  before  it  is  put  into  the  pug-mill.  The  pug-mill  is 
worked  by  a  horse  or  bullocks  moving  in  a  circle,  at  the  extremity  of 
the  bar  attached  to  the  vertical  shaft  of  the  mill.  The  arrangements 
for  admitting  and  pressing  the  earth  into  the  moulds,  and  for  pushing 
out  the  frame  or  case  of  filled  moulds  in  front  of  the  machine  to  be  car- 
ried away  to  the  drying  ground,  are  worked  by  hand.  The  wooden 
moulds  are  in  sets  of  five  in  one  frame,  and  their  size  is  that  corres- 
ponding with  the  ordinary  dimensions  of  English  bricks,  viz.,  10  x  4| 
X  8^  inches.  The  wooden  frames  can  of  course  be  made  with  com- 
partments to  suit  any  size  of  bricks ;  but  the  set  of  five  of  the  English 
size  18  adapted  to  the  dimensions  of  the  machine  as  made  by  the  pa- 
tentee. 

The  following  is  a  detail  of  the  labor  employed  in  connection  with  this 
machine,  making  11,000  bricks  per  diem. 

1  Tindal,  at  Bs.  8  per  menaem, 8 

26  Beldars,  at  Rs.  5  ditto,  130 

4  BidloGkSy  at  Ba.  8  dittOy  • 82 

Total  Rs.,    ...    170 
That  iSy  dednding  10  per  cent,  for  breakage,  Rs.  66  per  lakh,  of  the 
English  sized  bricks. 

Hie  engraving  (on  page  38)  is  another  description  of  brickmaking  ma- 
dunOi  combining  the  three  processes  of  crushing,  pugging  and  moulding. 
Fintj  the  clay  is  brought  by  wheel-barrows,  and  tilted  into  the  hopper  at 
the  top  of  the  machine,  between  a  pair  of  crushing  rollers.  A,  A,  which  are 
fed  by  a  self-acting  feed  or  cranmier  shaft,  forcing  the  clay  between  the 
rollers  by  which  the  mass  is  crushed ;  the  rollers  by  proper  set  screws  can 
be  adjusted  to  any  required  width. 

Second,  midemeath  the  crushing  rollers,  and  in  connection,  is  a  hori- 
zontal pug-m^ill,  B,  in  which  a  shaft  revolves,  with  knives  keyed  on  it, 
trranged  in  the  form  of  a  screw.    By  the  screw  action  of  these  knives,  the 

«   Thooe  In  greatest  fayor  in  England  are  Anslie's,  Hani's,  and  Mnrray'e.    The  former  hoi  been 
tried  It  Boorlne,  tmt  not  with  mncb  inoceee. 
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clay  is  thoroughly  mixed  and  forced  to  the  other  end  b,  of  the  pug-mill, 
from  which  it  is  carried  forward  into  the  moulding  chamber,  or  rectangu- 
lar box  G. 

Third,  in  this  box  a  reciprocating  piston  moved  by  a  rack  and  pinion 
motion  underneath,  forces  the  clay  alternately  from  either  end  through 
two  roller  dies,  D,  D,  in  a  continuous  rectangular  bar ;  which  is  sufficient 
to  produce  from  8  to  12  bricks  edgeways,  the  width  of  the  clay  being 
the  length,  and  the  thickness  the  width  of  the  bricks  required.  If  the 
piston  be  supposed  to  be  moved  towards  one  end  of  the  moulding  chamber, 
the  hollow  in  the  rear  of  the  piston  is  supplied  by  the  pug-mill  shaft  as 
fast  as  the  piston  advances  ;  therefore,  the  whole  time,  the  clay  is  under  a 
uniform  pressure,  whereby  veiy  important  objects  affecting  the  quality  of 
production  have  been  secured,  more  especially  in  regard  to  size  and 
density.  When  the  piston  reaches  the  end  of  the  box,  it  is  reversed,  and 
commences  to  force  the  clay  out  of  the  other  end ;  whilst  this  bar  of  clay 
is  divided  into  bricks  and  carried  away,  each  delivery  giving  just  sufficient 
time  to  divide  and  clear  the  bricks,  before  commencing  delivery  again  on 
that  same  side ;  so  that  the  bricks,  without  loss  of  time,  are  turned  out  al- 
ternately during  the  day. 

As  the  success  of  the  machine  depends  greatly  on  the  arrangement  of 
the  rotary  dies  D,  D,  they  have  been  drawn  to  a  large  scale,  Plate  III. 
The  following  is  a  short  explanation  of  the  figures :  a,  a,  a,  is  one  cast- 
ing, and  is  a  frame  and  support  to  the  whole ;  it  is  fixed  to  the  end  of  the 
machine  by  bolts  b,  b,  through  holes  in  the  back  of  a,  a.  liie  upper  and 
lower  sides  c,  c,  of  the  orifice  are  made  of  brass,  in  order  to  stand  as  long 
as  possible ;  two  rollers  d,  dy  covered  with  fustian  cloth  and  bound  with 
brass,  form  the  other  sides  of  the  orifices,  and  are  fixed  vertically  by  the 
spindles  e,  «,  being  movable  in  the  bushes  /,  /;  these  receive  motion  by 
bevel  gearing  from  the  horizontal  shaft  g,  which  is  supported  in  the 
bearings  ^*,  k,  and  driven  by  a  strap  on  the  pulley  h,  keyed  to  the  shaft  g; 
the  leather  strap  is  connected  to  a  convenient  shaft  of  the  machine.  It 
will  be  seen  that,  on  turning  the  pulley  A  in  the  direction  of  the  arrow,  the 
rollers  will  be  turned  in  opposite  directions,  and  thereby  greatly  assist  the 
clay  to  leave  the  machine. 

Above  the  die  is  a  large  water  box,  supported  on  a  cast-iron  standard ; 
the  water  is  brought  by  an  iron  pipe  fixed  in  the  bottom  with  a  screwed 
end  and  backnut,  and  then  branches  right  and  left  by  a  T  piece  to  the 
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cater  edge  of  the  rollers ;  at  the  ends  of  these  branches,  is  a  small  brass 
cock,  to  rogolate  the  supply  of  water,  and  to  allow  it  to  drip  on  the  top 
edge  of  the  rollers ;  this  causes  the  day  to  leaye  the  rollers  with  a  per- 
fectly smooth  face. 

By  referring  to  the  section  FkUe  III.,  the  advantage  of  this  roller 
arrmngement  is  at  once  seen;  the  rollers  d,  dy  not  only  avoid  great 
friction,  bnt  compress  the  clay  while  it  is  being  forced  forward  by  the 
piston  through  the  orifice,  thereby  producing  a  solid  bar  of  clay  with  very 
dean  arrises,  which  then  moves  forward  in  a  horizontal  position  on  a  table 
or  cutting  frame,  consisting  of  wooden  rollers  covered  with  similar  cloth 
to  the  vertical  rollers  d,  d,  and  with  iron  spindles,  revolving  by  the  fric- 
tion of  the  clay  as  it  advances.  This  bar  of  clay  is  the  length  and  breadth 
of  a  brick  edgeways.  It  will  be  noticed  that  the  rollers  d,  d,  are  slightly 
tapered  towards  the  top  (in  the  drawing  rather  exaggerated) ;  this  is  just 
sufficient  to  allow  for  the  spreading  of  the  clay  on  the  bottom  side  passing 
along  the  rollers ;  the  clay  when  drawn  to  the  full  length  of  the  table,  is 
ready  to  be  cut  into  the  required  thickness  for  bricks  ;  this  is  done  in  the 
following  manner,  while  the  machine  is  delivering  a  similar  bar  of  clay  on 
the  opposite  side.  Between  the  rdlers  is  a  series  of  strained  steel  wires, 
fixed  in  a  frame,  movable  on  two  centres  underneath.  By  passing  this 
Fig*  1.  frame  smartly  from  one  side  to  the  other  of  the  bar 

of  clay,  it  is  thereby  cut  into  so  many  bricks  the 
thickness  required. 

There  are  various  ways  of  taking  off  the  bricks  ; 

y^        "^1^         ^^°^®  '^^^  ^™*^^  leather  pads  fixed  on  the  fingers  by  a 

^'^Sy/O  small  loup,  presenting  a  smooth  surface  to  the  brick, 

^^"^^^^  J  or  solid  bricks  are  sometimes  removed  with  a  fork  as 

shown  in  Fig,  1,  the  two  prongs  being  made  of  sheet 
iron  and  firmly  fixed  into  the  handle,  these  prongs  are  forced  into  the  brick 

and  then  it  is  lifted  off.  In  the  case  of  hol- 
low bricks,  a  fork  is  used  with  two  or  more 
wooden  prongs,  tapered  at  the  ends  as  in 
Fig,  2,  these  are  inserted  in  two  of  the  per- 
forations and  the  brick  lifted  off.  The  fork 
is  nsed  in  the  right  hand,  and  a  pallet  board 
taken  in  the  left;  after  the  brick  is  raised, 
it  is  put  against  the  pallet  board  and  turned 
horizonUlly ;  then  the   fork  is  withdrawn  aud  the  brick  left  on  the 
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pallet,  when  it  is  pat  on  the  wheel-buioir  and  taken  airajr  to  the  hacking 
gnnnd. 

Tbia  machine  it  capable  of  toning  out  80,000  bricka  a  da/  with  pro- 
per attentiOD,  bo  that  the  brioka 
do  not  fall  off  the  machine  and 
became  epoilt ;  25,000  is  the 
least  average  with  a  ten-horse 
power  engine;  two  smaller  uzea, 
worked  by  steam,  horse,  or  wa- 
ter power  will  turn  oat  from  10 
to  20,000.      These  macbioes 
will  make  solid  or  perforated 
bricks  of  any  description,  viz., 
cant,    or   splajed    bricks    for 
plinths;  weathered,  and  tbroat- 
ed  copings  of  aereral  sizes;  ronnd  copings;  ogee  moulded,  or  qoarter 
Fig.  4.       TO^d  nosed  bricks ;  wedge  shaped  for  culverts ;  compass,  oc 
curved  bricks  for  lining  shafts  and  wells ;  air  bricks  for  ventila- 
tion ;  damp  proof  course  to  prevent  damp  rising  in  walls ;  drun* 
age  and  gutter  bricka  for  wash-houses;   also  paving,  roof- 
ing, and  drainage  tiles  of  all  descriptions.     Fig.  8  shows  how 
the  cotes  are  fixed  for  perforated  bricka.  Fig.  4  is  a  cross  sec- 
tion of  the  core  itself;  these  will  be  understood  withont  ex- 
planation. 

30.  The  tools  and  implements  required  for  hand  moulding  bricks  in 
India,  besides  tbosn  mentioned  above,  and  the  wear  and  tear  of  which  form 
in  item  in  tbe  expense  of  brick-making,  are  a  Ckurus  or  Moth,*  (Urge 
leather  well  bnckets),  and  ropes  for  the  same,  &c ;  ro  a  Persian  wheel, 
or  DhenkUe,^  or  other  apparatus  for  raising  water.  Also  ffandtes  or 
Ghurai,  earthen  vessels  for  carrying  and  holding  water  ;  Phaorahs;  aad 
bamboo  hand-barrows,  with  leather  sbonlder  straps  for  carrying  earth. 

■  Tbs  JfiM.liiictinnievtUi  i  frvit,  wbicb  by  muDi  of  ■  mull  loie  Htacbtd  to  it*  eitRmlt?  ud 
paadbj  OTCT  ft  HscoDd  pulley  at  tb«  edge  of  th6w«ll,  iidrtwn  ap4ltfa  tfaedpeocDd  rttla«l( which  pi*' 
irwU  the  escape  of  the  vfttcr)i  and  reaching  the  top,  la  extended,  dlacharglDg  tbe  witei  into  the  re- 

t  ThB  DlieniUe  ooh^eSm  of  a  bucket  Aiepeaded  by  a  rbpB  to  tbe  exQo&t^  of  a  pole,  balanced  on  a 
fplcnuQTery  near  tbe  other  eiOcmilj,  by  meeni  of  a  load  of  itona,  anuiaof  mad,orothercoiuLt^' 
down  the  end  ol  the  pole  till  the  Teeeel  1>  plnDged  Into  tbe 
Ltae  aid  of  Che  ooDDtcr^iM,  be  cully  tin*  It,  and  potin  out  Iti  oonlanU 
haa  been  tsoasbttothelnalot  tbtgnuidgavhtohltiMudB.    Th«N 
MInTol.n. 
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31.    Xhying. — The  kacha  bricks  are  dried  by  being  first  turned  on 
ikta  edge,  as  abore-mentioned,  and  afterwards  piled  in  open  order  in  long 
lows  or  stacks  (called  chutta  or  khurunja).     The  ground  on  which  the  stacks 
m  fbrmed  shonld  be  raised,  so  that  in  case  of  rain,  it  maj  remain  dry ;  it 
dioald  also  be  sanded.     The  best  form  of  stacks  is  of  a  breadth  equal  to 
two  bricks  laid  longitudinally  with  interrals  between  the  bricks,  the 
themate  tiers  being  along  and  across  the  stack,  all  on  edge.     Eight  or  ten 
tiers  of  bricks-on-edge,  with  interrals  between  them,  may  be  thus  built  up. 
The  bricks  should  be  left  in  stack  until  thoroughly  dry,  as,  if  put  into 
tiie  kihs  damp,  the  strong  heat  of  the  kiln  will  dry  them  too  suddenly,  and 
probebly  split  or  partially  disintegrate  them.     In  showery  weather,  erery 
brick-field  should  be  furnished  ?nth  light  frames  of  bamboo  and  grass,  or 
tirkUf  not  more  than  ten  feet  long  each,  so  as  to  be  handy,  and  as  high 
K  tbe  stacks ;  these  should  be  placed  on  each  long  side  of  the  stack  on  rain 
coming  on,  and  the  top  should  be  similarly  protected,  by  sirkee  or  matting, 
or  by  bandies  of  grass.     Some  heary  boards  will  be  useful  to  prevent  these 
temporary  coverings  from  being  disturbed  by  storms,  and  the  stacks  being 
thus  exposed  to  rain.     Unbumt  bricks  once  thoroughly  saturated  with  wet, 
tithough  they  may  have  retained  their  shape  and  become  perfectly  dry 
igain,  never  recover  their  former  consistency  for  use,  either  as  kucha  or 
pncka  brick.    In  the  hot  season,  bricks  are  dry  enough  for  the  kiln  in  three 
dtys ;  in  the  cold  weather,  in  eight  days.     Brick-making  is  always  sus- 
pended during  the  rains. 

32.  Btuming. — The  burning  of  bricks  is  an  operation  of  great  nicety, 
because,  if  not  burnt  enough  they  will  be  soft  and  worthless,  and  if  over 
done,  they  vitriiy,  lose  their  shape,  and  often  run  together  so  as  to  be  inse- 
parable and  useless.  Various  methods  have  been  adopted  for  producing 
the  due  degree  of  firing.  In  general,  bricks  are  burnt,  both  in  America 
ind  England,  in  a  brick-  kiln ;  but  in  London,  the  burning  constantly  takes 
place  in  the  open  air,  the  bricks  being  made  up  into  immense  quadrangular 
piles  or  clamps,  consisting  of  from  two  to  five  hundred  thousand  bricks  in 
each.     In  India  both  kilns  and  clamps  are  used. 

Ekolish  kiln. — A  brick-kiln  as  usually  constructed,  is  formed  of  bricks 
built  in  a  square  form  like  a  house,  with  very  thick  side  walls,  and  a 
wide  door-way  at  each  end,  for  taking  in  and  carrying  out  the  bricks ; 
but  these  doors  are  built  op  with  soft  bricks  laid  in  clay  while  the  kiln  is 
barning,  and  a  temporary  roofing  of  any  light  material  is  generally  placed 
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over  tho  kiln  to  protect  the  raw  brick  from  rain  while  aetting,  and  Hotntdo 
that  it  may  be  remoTcd  after  tho  kiln  ie  fired.  The  English  kihis  am 
generally  13  feet  long,  10  feet  wide,  and  12  feet  high,  which  size  contains 
and  boms  20,000  bricks  at  once.  Wood  is  the  nsual  fuel  used  in  these 
kilns,  and  they  are  frequently  built  with  partitions,  for  containing  the  fnel 
and  for  supporting  the  bricks,  in  the  form  of  archee,  as  will  be  presently 
described.  The  bricks  mast  be  placed  in  the  kila  with  great  care,  and  this 
operation  is  called  aetting  the  kiln,  and  is  performed  by  one  or  two  men 
who  nnderstand  the  basincss,  and  to  whom  the  raw  bricks  are  deliv- 
ered in  barrows.  Tlie  form  of  the  setting  is  pretty  nearly  the  same  in  the 
country  kilns,  and  in  the  London  clamps,  except  that  in  the  latter  the 
arches  are  mncb  smaller,  because  wood  is  only  need  for  kindling  and  not 
for  bnming. 

Setting. — The  bottom  of  the  kiln  is  Itud  in  regular  rows,  of  two  or  three 
bricks  wide,  with  an  interval  of  two  bricks  between  each,  and  these  rows  are 
so  many  walls  extending  lengthwise  of  the  kiln,  and  ronning  quite  through 


it ;  they  are  bnilt  at  least  six  or  eight  conrses  high,  so  as  to  giva  the  kiln 
the  appearance  shown  in  the  figure,  which  is  an  end  view  of  it  And  this 
is  permanent  work  in  kilns  that  have  fire-places  built  in  their  floors  (aa 
in  tho  6mdh  flftme  kiln)  :  or  in  the  case  of  kilns  with  flat  floors  (as  in  the 
above  figure)  the  flue  walls  are  bnilt  of  nnbumed  bnricka  in  "  setting"  the 
kiln.  The  intervals  between  the  walls  are  laid  first  with  shavinga,  or  brush- 
wood, or  anything  that  will  kindle  easily,  then  with  larger  brushwood  cut 
into  short  lengths,  that  it  may  pack  in  a  compact  manner;  and  lastly,  with 
logs  of  split  wood.  This  done,  the  over  spanning  or  formation  of  the  arahes 
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18  commenced ;  for  this  purpose  every  coarse  of  bricks  is  made  to  extend 

n  inch  tnd  a  half  beyond  the  coarse  immediately  below  it,  for  five  coarses 

in  lidght,  taking  care  to  sJtintle  well  behind,  that  is,  to  back  ap,  or  fill  np 

with  bricks  against  the  over-spanners.    An  eqnal  namber  of  coarses,  on 

the  opposite  side  of  the  arch,  is  then  set  as  before,  and  thus  the  arch  is 

fotmed,  which  is  caUed  roanding,  and  is  a  nice  and  important  operation,  for 

if  the  arch  £uls  or  falls  in,  the  fire  may  be  extingnished,  or  many  of  the 

bricks  ibove  the  arch  may  be  broken.    The  intermediate  spaces  between 

the  iicfaes  are  now  filled  ap,  so  as  to  bring  the  whole  surface  to  a  level,  and 

then  the  setting  of  the  kilns  proceeds  with  regularity  until  it  obtains  its 

foil  height     In  setting  the  kiln,  not  only  in  its  body,  but  in  the  arches 

aUo,  the  ends  of  the  bricks  touch  each  other ;  but  narrow  spaces  must  be 

left  betwe^  the  sides  of  every  brick  for  the  fire  to  play  through,  and  this 

is  done  by  placing  the  bricks  on 

their  edges,  and  following  what  is 

-|  called  by  brickmakers,  the  rule  of 
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I  I  j  I  I  I  ''three  upon  three,"  reversing  the 


I  direction  of  each  course  as  shown 
in  the  figure.  The  kiln  being  filled, 
Ae  top  course  is  laid  with  flat  bricks,  so  disposed,  that  one  brick  covers 
ptrt  of  three  others ;  which  process  is  called  platting. 

33.  Fvring. — The  kiln  being  filled,  ihQ  firing  succeeds,  and  this  is  a 
most  delicate  operation,  and  one  that  requires  much  experience.  The  fael 
u  kindled  under  the  arches,  and  requires  close  watching  and  attendance,  for 
being  in  a  large  body,  it  would  bum  violently  and  produce  a  sadden  heat 
snch  as  would  crack  and  spoil  the  lowest  bricks.  To  check  the  burning, 
the  arch  holes  or  mouths  are  closed  with  dry  bricks,  or  even  smeared  ?nth 
wet  day,  in  order  to  prevent  the  entrance  of  air  and  the  rapid  combustion 
that  would  ensue.  The  fire  must  be  made  to  smother  rather  than  bum,  in 
order  that,  by  its  gentle  heat,  it  may  evaporate  the  humidity  that  remains  in 
the  bricks,  and  produce  drying  rather  than  burning.  This  slow  fire  requires 
to  be  kept  up  about  three  days  and  three  nights,  by  occasionally  opening  the 
Tents  to  supply  air  and  additional  fuel,  and  closing  them,  until  the  fire  gets 
vpf  as  the  workmen  call  it,  that  is  to  say,  until  it  has  found  its  way 
through  all  the  chinks  and  openings  between  the  bricks,  and  begins  to  heat 
those  at  the  top  of  the  kiln.  To  ascertain  the  progress  of  the  fire,  the  top 
of  the  kiln  must  be  watched,  and  as  soon  as  the  smoke  changes  color  from 
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a  ligbt  to  a  dark  hne,  the  drying  is  complete,  and  the  fire  may  be  urged. 
The  first,  or  white  smoke,  called  water-smoke,  is,  in  fact,  little  else  bat  the 
steam  of  the  water  while  evaporating,  and  when  that  is  gone,  the  real 
smoke  of  the  fuel  succeeds.  Now  the  yents  may  be  opened  to  admit  a  full 
draught,  and  a  strong  fire  kept  up  for  from  forty-eight  to  sixty  hours ;  but 
the  heat  must  not  be  white,  or  so  strong  as  to  melt  or  vitrify  the  bricks, 
and  whenever  it  appears  to  be  increasing  too  rapidly,  the  vent  must  be 
partly  closed.  By  this  time  the  kiln,  if  it  contains  thirty-five  courses,  will 
be  found  to  have  sunk  about  nine  inches ;  but,  the  stronger  the  clay,  the 
more  it  will  shrink,  and  it  is  by  this  sinking  that  the  workman  knows 
when  the  kiln  is  sufiBciently  burnt.  The  experience  of  burning  a  few  kilns 
will  show  how  much  the  clay  of  that  particular  place  yields  to  the  firing. 
When  it  is  thus  ascertained  that  the  kiln  is  ready,  the  vent-holes,  and  all 
other  chinks  through  which  air  can  enter,  are  carefully  stopped  with  bricks 
and  day.  In  this  state  it  remains  until  the  bricks  are  cold  enough  to  be 
taken  down,  when  they  are  distributed  for  use. 

From  the  nature  of  the  above  process  it  will  be  evident  that  bricks  of 
very  different  qualities  must  be  found  in  the  same  kiln ;  for,  as  the  fire 
is  all  applied  below,  the  lower  bricks  in  its  immediate  vicinity  will  be 
burnt  to  great  hardness,  or,  perhaps,  vitrified ;  those  in  the  middle  will 
be  well  burnt ;  and  those  at  the  tpp,  which  are  not  only  most  distant 
from  the  fire,  but  more  exposed  to  the  open  air,  will  be  too  little  burned  or 
peda ;  consequently,  if  they  are  to  be  used,  they  must  be  reserved  for  inside 
work  that  is  not  exposed  to  the  weather,  or  they  will  soon  fail  and  crumble 
to  pieces. 

34.  Indian  kilns. — The  kiln  walls  may  be  built  of  kucha  bricks  plas- 
tered with  mud,  and  repaired  with  the  same  material  from  time  to  time ; 
they  should  slope  on  the  outside  about  one  foot  in  five,  and  be  plastered 
with  mud  and  bhoosa. 

There  are  various  methods  in  practice  in  India  of  filling  and  firing  a 
kiln  of  the  same  construction  as  the  above. 

l^f.-— Laying  alternate  complete  layers  of  wood  fuel  and  of  bricks,  the 
flues  passing  only  5  or  6  feet  into  the  interior  of  the  kiln,  all  the  rest  of  the 
floor  being  occupied  by  the  first  layer  of  fuel. 

2iu{.— Arranging  the  bricks  in  a  second  set  of  flues  five  or  six  courses 
above  the  first,  and  crossing  them  at  right  angles ;  and  so  on  with  flues 
aUemately  in  these  two  different  directions  to  the  top :  or 


Srd.-^'Htmng  as  before,  one  series  of  floes  at  bottomi  and  abo7e»  alter- 
nate complete  layers  of  bricks  and  fnel. 

35.  Mahewah  Brie1>JUld. — The  following  account  of  the  working 
of  the  brick-field  at  Mahewab,  near  Eoorkee,  where  operations  were  (in 
1867)  carried  on  in  the  English  style,  will  be  further  illustrative  of  the 
foregoing  paragraphs,  and  supply  more  detailed  information.  The  details 
are  illustrated  in  Plate  lY. 

The  Earthy  for  making  the  bricks,  Is  prepared  from  the  spoil  bank  of  an  old  cnte- 
ting ;  down  the  middle  of  this  bank  a  deep  trench  has  been  dng,  which  fills  with  water 
in  the  rains,  and  is  supposed  partially  to  temper  the  claj. 

The  Puf-mitt  [Fig.  1]  is  sunk  2}  feet,  so  that  the  clay  may  be  tilted  in,  bj  an  easy 
ramp  leading  to  the  top,  and  at  the  same  time  the  men  below  maj  be  able  to  lift  the 
prepared  clay  to  the  leyel  of  the  grouid.  The  casing  of  the  mill  is  made  of  ^inch 
sheet-iron,  4  feet  high,  and  8  feet  diameter  at  top  and  bottom.  The  casing  is  raised 
12  inches  from  the  bottom  of  the  pit,  and  half  the  mill  is  bricked  np  ;  the  claj  ooz« 
ing  oat  of  the  opening  thus  formed  on  the  nnbricked  side.  The  shaft  is  made  of  24  inch 
tqoare  bar  iron,  haying  7  iron  blades,  4  inches  x  i  inch,  and  supported  at  the  top  on 
three  sides  by  T  iron  stmts,  the  fourth  being  open  to  leave  room  for  tilting  in  the 
MrtlL  The  uppermost  blade  is  1|  feet  from  top  of  iron  sheeting,  and  inclined  at 
about  25^,  the  angle  increanng  with  each  blade,  the  lowest  one  being  l(f.  The  lever 
!■  15  feet  long,  and  worked  by  a  pair  of  bullocks.  This  mill  is  sufficient  to  supply 
six  tables. 

The  Moulding  tablet  are  6}  X  2}  X  2^  feet ;  to  esch  is  fixed  the  lower  part  of  the 
mould,  [Fig.  2],  and  an  iron  basin  holding  water  in  which  the  wooden  strike  is  kept. 
The  atrike  should  be  made  of  deodar  or  some  fir  wood,  and  a  new  one  issued  daily 
to  each  taUe.  At  right  angles  to  the  table  and  to  the  left  of  the  mould  is  the  page^ 
[i^.  8],  consisting  of  two  parallel  i-inch  rod  iron  bars  about  7  inches  apart,  bolted 
■t  one  extremity  to  the  frame  of  the  table,  and  at  the  other  to  an  upright  plank,  and 
SDpported  at  the  centre  by  another  upright  plank.  Under  the  table  is  a  strut,  imme- 
diately below  the  centre  of  the  mould,  to  prevent  any  '*  kick"  or  spring  from  the  table. 
This  should  be  looked  to  and  be  wedged  up  every  day. 

The  Brick  numld  [Itg,  4]  is  of  ^inch  iron,  10  X  4|  x  3)  inches,  inside  mea- 
surements ;  when  put  on  the  table  it  rests  on  the  four  adjusting  screws  A,  A,  &c., 
[JFty.  2],  which  are  so  regulated  that  the  bricks  turned  out  are  the  required  thickness, 
3|  iiichea.  The  tops  of  these  screws,  as  also  the  parts  where  the  mould  rests,  become 
indented  from  the  constant  blows  on  them  and  might,  with  advantage,  be  steeled. 
The  bottom  of  the  mould,  which  is  also  iron,  has  a  die  upon  it,  8  x  2)  inches, 
laised  |-inch  ;  this  makes  an  indentation  in  the  brick  which  is  intended  to  hold  the 
mortar  and  enables  the  mason  in  building  to  draw  the  joints  very  fine.  To  mark  the 
bride,  the  letters  G.  C.  (Ganges  Canal)  are  raised  |-inch  on  the  die.  A  wet  brick,  as 
tamed  out  of  the  mould,  weighed  4  seers  12  chittacks  ;  when  sun-dried,  8  seers  12 
ddttacks. 

McmUimg  and  Staeldng.^^The  man  who  prepares  the  clay  into  suitable  lumps  for 
die  numlder,  must  be  careful  to  make  each  lump  solid,  without  cracks,  by  repeatedly 
thomping  and  pressing  it  on  the  table,  as  these  cracks  form  blemishes  in  the  moulded 
MdL    At  the  same  time  he  must  bo  careful  in  keephig  his  part  of  the  table  well 
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The  mould  is  cleaned  first  with  water  and  then  sanded,  the  die  being  cleaned  when 
necesBaiy  with  a  country  made  horse-bmsh.  The  moulder  takes  one  of  these  prepared 
Inmpt  in  both  hands  and,  raising  it  aboTC  his  head,  throws  it  into  the  moold ;  h#^ 
then  dears  off  the  snperflnons  clay  with  his  hand  (taking  care  to  leave  the  foil  amount 
required)  and  pressing  the  remainder  into  the  mould,  strikes  it  with  a  small  wooden 
straight  edge ;  the  strike  is  cleaned,  as  it  is  put  back  into  the  water,  againit  the 
sharp  edge  of  the  iron  bowL 

Having  moulded  the  brick,  he  places  the  mould  sideways,  with  a  smart  blow,  on  the 
bars  of  the  page,  which,  by  their  spring  shake  the  brick  loose  ;  he  then  places  a  boardr 
12  X  6  X  i  inches  against  the  lower  side  of  the  mould,  and  putting  the  board  flat  on 
the  bars  of  the  page,  with  the  brick  and  mould  resting  on  it,  removes  the  mould,  and 
slips  the  boardy^with^brick  upon  it,  along  the  bars  of  the  page  to  make  room  for  the 
next 

The  bricks  are  sanded  and  carried  away  on  the  boards  in  hack-barrows  {Fig.  5), 
which  hold  26,  (viz.,  IP  on  each  side).  The  hacks  are  on  terraces,  raised  9  inches  from 
the  ground,  and  covered  with  a  layer  of  flat  bricks  laid  dry  ;  they  are  three  bricks 
broad,  so  as  to  hold  two  rows,  and  long  enough  to  hold  the  day's  work  of  a  moulder, 
as  putting  on  a  second  course  the  same  day  spoils  the  shape  of  the  bricks.  A  moulder 
can  make  1,000  bricks  per  day  ;  and  when  working  by  contract,  1,500. 

In  hacking  the  bricks,  they  are  lifted  from  the  hack-barrow  between  two  pallets, 
vis.,  the  original  one  below  the  brick  and  another  put  on  the  top  ;  by  this  means  the 
shape  of  the  brick  is  not  injured  ;  they  are  placed  at  once  on  edge,  with  the  distance 
equal  to  the  thickness  of  a  pallet  between  them,  and  each  brick  breaking  joint  with 
the  one  below ;  the  top  of  each  row  must  be  sanded  before  the  next  is  put  on. 
The  number  of  hands  employed  at  six  tables  are  :— 

8  men  to  dig,  prepare  earth  and  pump  water. 

8    „    to  wheel  prepared  earth  into  the  pug-mill. 

2  „  to  take  the  earth  as  it  comes  out  of  the  pug-mill  and  place  it  in  lumps 
on  the  level  of  the  groimd. 

2    „    to  carry  the  lumps  from  pug-mill  to  moulding  tables* 

6  „  (one  standing  opposite  each  moulder)  to  prepare  the  earth  in  suitable 
and  compact  lumps  for  moulder. 

6    „    moulders. 

6    „    (one  to  each  table)  to  carry  the  bricks  away  and  hack  them. 

One  pair  of  bullocks  to  work  pug-mill. 

2  boys  to  turn  the  bricks  on  their  backs  while  drying. 

Total,     I  ^l  ^^°|     I  and  one  pair  of  bullocks. 

The  moulders  are  paid  Rs.  6  per  mensem,  the  other  laborers  from  4  to  5  ;  boys, 
from  Rs.  2  to  3. 

Kilns, — The  floors  of  the  kilns  are  level  with  the  ground,  the  flues*nnd  ash-pit  are 
sunk  4  feet  The  flues  face  N.  and  S.,  that  is,  at  right  angles  to  the  direction  of  the 
prevailing  wind. 

The  fuel  is  thrown  on  to  the  iron  bars  of  the  flues  through  an  iron  door  [Jfip,  6], 
which  must  be  always  kept  shut,  except  when  supplying  the  fuel,  as  an  inmiense 
amount  of  heat  is  lost  if  it  be  left  open  ;  and  this  the  stokers  are  very  apt  to  do,  unless 
closely  watched,  as  the  doors  are  difficult  to  open.  By  putting  an  iron  ring  on  the  door 
instead  of  the  knob  handle,  as  at  present»  and  opening  with  a  detached  hook,  this 
diffionltgr  might  be  obviaM. 


The  siU  of  the  doors  is  raised  6  inches  above  the  top  of  the  grating. 
There  arc  two  sizes  of  kilns  in  nse  at  Mahewah.     tigs.  6,  7,  8,  9, 10,  11, 12,  and  13, 
1!;iTc  all  the  dimensions  of  the  larger  size  as  built  at  present;  but  only  one  or  two  kilns 
^f  this  size  have  as  yet  been  fired.    From  the  experience  gained  in  burning  these  it 
^  proposed  to  make  the  following  alterations  in  the  next  ones  bailt. 

The  two  flying  bnttresscs  on  each  side  will  be  removed,  as  they  make  the  stock-hole 

^  hot  towards  the  end  of  the  bnming  that  the  stokers  can  hardly  remain  there,  at  the 

^une  time  the  walls,  which  are  at  present  too  thin,  are  to  be  made  4  feet  G  inches  at 

hottom  and  3  feet  at  top,  and  buttresses  left  only  at  the  four  comers.    The  fines  are 

to  baTc  only  three  sets  of  bars  each  (with  9  bars  in  each  set),  the  remainder  of  the 

floe  being  sloped  up  (shown  in  every  second  one,  Fig.  7),  as  with  four  sets  of  bam 

tt«  floe  18  too  long  to  stoke  properly. 

This  kiln  holds  1C5,000  bricks.  The  walls  are  built  of  pecla  liricks  set  in  mod  and 
^n  "leeped,"  both  inside  and  out.  The  kilns  now  burning  arc  converted  from  Sindh 
*"M,  which  were  already  standing,  and  several  dimensions  had  to  be  adapted  to  cir- 
'""wtwiccs ;  one  chief  point  being  that  the  end  flues  are  put  too  far  in  from  the 
•»^  walls. 

The  small  kiln,  built  on  Mr.  Hickmott's*  plan  (measuring  30  x  18  feet,  and  14  feet 

■Wi  inside)  has  the  walls  A  feet  thick  up  to  the  level  of  the  ground,  and  SJ  feet  thick 

*'*  'h*  top :  the  two  long  walls  have  a  slope  of  1  to  12  inwards,  which  appears  to  be  a 

jj^  constmction,  not  only  in  strengthening  the  walls  but  by  keeping  in  the  heat. 

^•'^•reonly  four  floes,  o\  feet  apart^  the  two  end  ones  being2|  feet  from  the  side  walls, 

''**^*^  the  door  of  the  flue  is  an  iron  damper  to  regulate  the  draft ;  it  has  been  found 

//**  ^hcn  these  are  shut,  the  heat  becomes  so  great  in  the  flues  that  the  bars  of  the  grat- 

JT^  ■«*  bent  and  rendered  useless,  and  the  arch  bricks  fuse  ;  they  have  therefore  been 

*'*^'*tinned  in  the  new  kilns.   The  same  effect  is  produced  if  the  ashes  arc  allowed  t« 

***«naUte  in  the  ash-pit,  which  must  be  kept  constantly  raked  out 

^U  kiln  holds  65,000  bricks. 

'*«^c  price  of  the  iron-work  at  the  Roorkee  Workshops  is  as  follows  : — 
1  Fire-door,  at  Rs.  15  each. 
1  Fire  bar,  7  seers  G  chittacks,  at  Rs.  9  a  maund. 
1  Angle  iron  support,  12  seers  8  chittacks,  at  Rs.  9  a  maund. 
1  Iron  brick  mould,  at  Rs.  1-8  each. 

1  Table  complete  (including  table,  die  for  brick  mould  and  page),  at  Rs.  102, 
1  Pug-mill  (iron  work),  at  Rs.  173. 
1  Hack  barrow,  at  Rs.  28. 
1  Earth  barrow,  at  Rs.  12. 
^^^'^^ihug  the  kiln,  the  bricks  for  the  first  11  courses  are  laid  on  edge  close  toge- 
¥>ral]el  walls  {Fig  14,)  with  5  inches  interval  between  each  wall,  and  6  inches 
the  inside  long  wall  of  kiln  and  the  first  wall  of  bricks.    Where  these  parallel 
.  ^  the  flues,  the  bricks  are  corbelled  out  {I^lg.  16),  meeting  in  the  11th  course* 

^*  *>*OBt  important  that  these  openings  should  be  properly  built  (as  their  falling 
the  fires  and  causes  every  conceivable  damage),  a  triangular  wooden  cen- 
l%«ed  to  insure  regularity  and  proper  bond.    Another  important  point  is  that, 
^Ql  walls  should  be  built  perfectly  plumb  and  straight,  as  any  unequal  pres- 
ig  on  them  when  the  bricks  are  soft  from  the  intense  heat,  causes  the  wall  to 

^^  •  In  charge  of  the  large  Govrmmont  Brick-yanl,  at  Akra,  near  Calcntta. 
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give  in  that  direction,  and  the  bricks  above  of  course  fall  in.  The  centre  wall  is  ono 
or  two  bricks  thick  (according  to  the  room  left)  with  no  opening  for  fines  ;  the  bricks, 
however,  are  placed  on  edge  not  quite  touching,  so  that  the  communication  between 
the  sets  of  flues  on  each  side  is  not  entirely  cut  off. 

In  the  12th  course  (Fig,  16)  the  bricks  are  laid  on  edge,  on  the  parallel  walls,  with 
the  interval  of  a  brick,  between  each,  and  the  openings  between  the  walls  are  bridged 
over  bj  bricks  on  edge,  alternating  with  those  on  the  wall. 

The  13th  course  is  laid  on  edge,  at  an  angle  of  45^  to  the  walls  of  the  kiln,  with  the 
interval  of  about  an  inch  between  each  brick. 

The  14th  course  is  laid  on  edge,  parallel  to  the  side  of  the  kiln,  leaving  intervals  of  1 
inch  ;  the  upper  courses  are  built  each  at  right  angles  to  the  one  below,  the  interval^ 
getting  smaller,  till  the  last  5  courses,  in  which  the  bricks  are  placed  close  together, 
and  a  top  course  of  bricks  laid  flat ;  over  all  this  is  put  two  layers  of  oopla. 

If,  whilst  loading,  there  is  any  chance  of  rain,  light  king-post  trusses,  made  of  angle 
iron,  are  thrown  across  the  top  of  the  kiln  ;  these  are  connected  together  by  stent 
ropes  and  bamboos,  and  small  choppas  (12  x  10  feet)  are  placed  on  them. 

Soft  woods  and  d&k  (which  is  generally  more  or  less  decayed)  are  a  bad  description 
for  burning,  as  they  smoulder  and  do  not  give  a  brisk  fire  ;  of  kcekur,  sissoo,  or  any 
hard  wood,  less  than  three-fourths  the  quantity,  as  compared  with  the  soft  wood,  is 
required. 

In  firing  the  kiln,  the  arrangements  arc  as  follows  : — 

CJommence  firing  in  the  evening  with  chips,  just  enough  to  warm  the  kiln  (1  man  to 
8  doors).  On  the  second  evening,  this  small  fire  should  be  pushed  back  to  the  end  of 
the  flues.  Third  evening,  the  fire  (still  kept  very  low)  is  brought  to  the  front  again. 
Fourth  evening,  the  firing  is  forced  on  vigorously  ;  2  men  are  now  put  on  to  every  3 
doors,  and  the  firemen  are  relieved  every  12  hours.  During  the  night,  go  to  the  top 
of  the  kiln,  and  should  the  fire  be  breaking  out  at  any  place,  it  must  be  immediately 
stifled  by  throwing  a  few  baskets  of  ashes  over  the  place  where  it  is  doing  so.  This 
must  also  be  done  on  the  next  two  nights,  as  that  is  the  only  time  yon  can  see  how 
the  kiln  is  burning. 

The  fires  are  kept  up  as  strong  as  they  can  be  till  all  the  wood  is  burnt ;  the  quan- 
tity, under  ordinary  circumstances  for  the  small  kiln,  being  about  10,000  cubic  feet  or 
2,000  maunds  of  d&k  wood,  or  three-fourths  of  the  same  weight  of  sissoo,  kcskur, 
babool,  or  any  hard  wood  ;  taking  the  latter  at  4  cubic  feet  to  the  maund.  This,  if 
fired  properly,  will  take  3  days  and  3  nights  of  slow,  and  3  days  and  3  nights  of 
vigorous,  firing.  When  the  kiln  is  burnt,  it  looks  at  night  from  the  top  like  a  molten 
mass,  and  appears  almost  transparent. 

When  the  firing  is  stopped,  the  top  of  the  kiln  should  be  covered  at  once  with  6 
inches  of  ashes.  The  doors  are  left  ajar  for  12  hours,  after  which  they  are  opened, 
and  the  whole  of  the  openings  carefully  bricked  up. 

In  the  first  kiln  burnt,  the  openings  were  bricked  up  at  once,  and  the  bars  and  sup- 
ports of  the  grating  were  found  doubled  up  and  rendered  useless  ;  whereas  four  kilns 
have  now  been  closed  in  the  manner  recommended,  and  the  grating  bars  are  still  good. 

The  kiln  should  on  no  consideration  be  opened  under  15  days,  and  the  longer  they 
are  left,  of  course  the  better  the  bricks  will  anneal. 

The  average  weight  of  4  pucka  bricks  after  exposure  to  the  cold  weather  rains  was 
3  seers  lOf  chittacks  each  ;  and  after  soaking  for  24  hours  in  water,  3  seers  14f  chit- 
taoks  ;  average  of  absorption,  4  chittacks,  or  littie  more  than  |\of  its  weight    The 
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bricks  were  then  placed  in  the  san,  tilted  up  on  a  sine  roof  for  seven  perfectly  dry  and 
doodlesa  days  in  April,  and  it  was  fonnd  that  their  weight  averaged  exactly  the  same 
8  seen  10|  chittacks,  showing  that  they  had  not  absorbed  more  than  a  normal 
amoont  of  moistnre  at  the  time  of  first  weighing. 

Another  pncka  brick  straight  from  the  kiln,  weighed  3  seers  9f  chittacks  ;  after 
soaking  it  in  water  for  15  minutes,  it  weighed  4  seers  (all  babbling  having  ceased 
after  about  13  minutes).  After  6  days'  immersion,  it  weighed  4  seers  0|  chittacks, 
showing  that  a  brick  has  absorbed  nearly  all  the  water  it  is  capable  of  doing  as  soon 
as  it  ceases  to  give  off  bubbles,  and  that  a  quarter  of  an  hour  is  ample  time  for  soak- 
ing bricks  before  using.  On  soaking  pncka  bricks  straight  from  the  kiln,  they  absorb- 
ed oo  an  average  S^  chittacks ;  while  those  which  had  been  exposed  to  the  weathej 
absorbed  only  4  chittacks  of  water,  showing  that  these  bricks  naturally  absorb  about 
2}  chittacks  from  the  atmosphere  in  ordinary  weather. 

OMt'tum, — ^As  these  are  the  first  kilns  of  the  kind  that  have  been  burnt  at  Mahewah, 
the  results  must  be  considered  only  as  experimental  :— 


BBTUBNS  OF  SMALL  KILN  AT  HAHSWAH. 


lit  claea 
brick 


Snd 
clasB 
brick. 


Half 
brick. 


PeeU. 


Jtaama 
brick. 


Pncka 
roora. 


Roora 

for 
Goorkee. 


No.  of 
maunds 

of 
wood. 


Description  of  wood. 


1 

21,600 

11,000 

••• 

2 

13,200 

12,e>00 

600 

3* 

4,500 

7,000 

••* 

4 

45,800 

8,500 

*•• 

13,000 

28,800 

65,000 

6,400 


c.  a 

eft 

mds. 

3,330 

300 

200 

950 

•*• 

500 

44 

1,200 

••• 

... 

100 

1,400 

2,700 

*•• 

ttt 

i 

2,500 

Sissoo  and  babool 
Dak. 


)} 


if 


LABOE  KILN. 


1 92,000|    2,800|    ...     1 36,000|  8,000  |      60  |     ...     |     ...    I 


There  is  no  doubt  when  these  kilns  are  once  fairly  started,  that  the  out-turn  will  bo 
far  in  excess  of  that  here  given. 

Out. — The  bricks  turned  out  from  these  kilns  are  of  excellent  quality,  being  well 
burnt  and  well  shaped.  It  is  impossible  to  estimate  their  exact  cost  without  further 
experience ;  but  the  following,  taken  from  the  data  above  given,  may  be  considered 
an  approximation  ;  though,  doubtless,  the  cost  will  be  reduced  when  the  brick-yard 
is  in  fall  working  order. 

Approximate  Ettimate  of  the  cost  of  a  small  Eiokmdfs  kiln,  to  hold  65,000  bricks, 
eft.  B8. 

7,900    Feela  brick  in  mud,  at  Rs.  5  per  100  cubic  feet,        . .         • .       395 

6,400    Excavation,  at  Bs.  2-8  per  1,000  cubic  feet, 16 

•  xhlB  kiln  spoiled  by  raiii. 
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No. 
C.  ft.  BS. 

8    Iron  doors,  at  Rs.  15  each,         120 

32    Angle-iron  rests,  10  maunds,  at  Rs.  9  a  maond,         . .         • .        90 
216    Grating  bars,  40  maunds,  at  Rs.  9  a  maond, 360 

Total  Rupees,        . .      961 
Contingencies,  at  Rs.  5  per  cent,        • .        49 

Grand  Total,  Rupees,        . .     1,030 

6  Moulders,  at  Rs.  6, 36^ 

15    Men,atRs.5, 75  1 

7  „       „      4, 28  ^-per  month. 

2    Bojs,  atRs.  3, 6  I 

2    BuUocks,  at  Rs  15, 15; 

160  =  cost  of  moulding 

156,000  bricks,  i.  0.,  1,000  bricks  per  moulder  per  day  of  26  working  days— or  aboat 

1  rupee  per  1,000. 

Approximate  cost  of  one  kiln  of  bricki, 

B.    A.  P. 
Moulding  65,000  bricks,  66    0    6 

^  cost  of  kiln  for  each  burning,         103    0    0 

Loading  and  unloading  kiln,     . .         . .         • .         15    0    0 

2,500  maunds  of  wood,  at  Rs.  12  per  100  maunds,     . .         • .         .  .•  300    0    0 

Wages  of  firemen,  900 

Plant,  superrision,  &c, •        . .    50    0    0 

Total  Rs.,  . .  543    0    0 
Taking  No.  4,  or  the  last  firing  (in  table  of  results),  as  the  least  outrtum  that  may 
fairly  be  expected  from  the  small  kiln  (the  other  three  being  experimental  only),  and 
2nd  class  bricks,  as  equal  to  half,  and  peela  and  jhama  to  one-fifth  the  value  of  Ist 

class  bricks,  then  the  whole  out-turn  will  be  equal  in  value  to  45,800  -) ^ —  + 

5,400  4-  2.700         ^,^^r,a^^       V  •  1 
-2 '- — - —   =  51,760  first  class  bncks. 

Hence  the  approximate  cost  of  the  bricks  may  be  put  down  as^— 

10*5  rupees  per  1,000  for  1st  class  bricks. 
5*25  „  2nd        „ 

2'1  „  peela  and  jhama. 

Cost  of  Bricks, — The  cost  of  bricks  at  a  brickfield  lately  working  between 
Boorkee  and  Saharunpore  is  at  follows : — The  bricks  being  9  x  4^  x  2^ 
inches,  well-shaped,  and  of  excellent  quality — the  clay  being  dug  and  tem- 
pered on  the  spot  without  a  pug-mill — the  kilns  of  the  same  kind  as  those 
described  in  the  text,  at  Mahewah — Moulding  and  stacking,  Rs.  ISO 
per  lakh;  Loading  kiln,  Re.  0-5-0  per  lOCO  ;  Unloading,  Re.  0-5-0 
per  1000;  Labor  for  bummg,  Rs.  35  per  lakh;  Wood,  Rs.  16  per  100 
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mannds;  4,250  maiinds  belog  bamt  per  lakh  of  bricks.  Each  kiln  holds 
1 1,000  bricks,  of  which  6,000  are  pucka  and  the  lest  peela.  Cost  of  mak- 
ing a  kiln,  Be.  150. 

It  bams  four  days  and  nights. — cools  in  eight  days  and  nights — loads 
in  fire  days — unloads  in  fivo  days. 

36.     SuiDB  oa  Flam«  Kils, — Anotiier  kind  of  kiln,  which  has  long 
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been  in  great  favor  at  Roorhc«  and  elsewhere,  (having  produced  very 
satisfactory  resalts,  es- 
pecially where  time  was 
•n  object,  bat  being  per- 
haps iufnior  in  an  eco- 
nomical point  of  view  to 
&e  English  form  of  kiln  ^ 
nbore  described,)  is 
known  by  the  name  of 
the   Sindh  kihi,   hariog  "" 

been  introdaced  from  that  comitry  iuto  these  Provinces  by  Capt.  J, 
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Wcller,  B.E.,  whose  experience  of  its  successful  working  at  Hyderabad 
in  Sindh,  Las  been  made  profitably  available  in  many  quarters.  The  kiln 
in  use  at  Roorkee,  is  in  some  of  its  details  slightly  modified  from  that 
first  constructed  here  under  Captain  Weller's  personal  direction. 

Its  interior  dimensions  are  31  feet  6  inches,  by  11  feet,  and  height  6 
feet  6  inches,  above  the  flues.  In  the  interior  of  the  kiln,  is  a  series  of 
parallel  walls  running  from  end  to  end,  6  inches  apart,  and  in  height 
4  or  5  feet.  Three  lines  of  arched  openings  in  these  walls,  form  the  flues 
passing  from  side  to  side  of  the  kiln,  open  on  one  side  for  the  supply  of 
fuel,  and  at  the  other  having  small  draft  openings  (which  latter  have  not 
been  found  at  Roorkee  to  be  of  much  use). 

The  floor  is  sunk  3  feet  below  the  level  of  the  ground,  and  access  to  the 
mouths  of  the  flues  is  given  by  sloping  away  the  ground  on  that  side  of 
the  kiln,  down  to  the  level  of  the  floor. 

The  whole  interior  of  the  kiln  above  the  parallel  walls  is  filled  with 
bricks,  at  first  with  small  intervals,  and  above  packed  close.  No  ashes  are 
spread  on  the  top,  or  covering  of  any  sort.  A  vigorous  fire  is  kept  up  by 
continued  fresh  supplies  of  fuel  for  forty-eight  hours,  and  the  kiln  is  then 
allowed  to  cool. 

In  this  system,  the  loss  by  breakage  is  trifling,  and  the  heat  being  very 
equably  diffused,  the  return  of  well  burned  bricks  is  more  satisfactory  than 
in  any  of  the  other  systems  that  have  been  tried. 

A  kiln  of  the  dimensions  noted  above,  contains  15,500  bricks  of  the 
usual  Roorkee  size,  (12  x  6  x  2J  inches,)  and  the  average  proportion 
of  pucka  is  81  to  82  per  cent. ;  some  kilns  have  yielded  a  return  of  9*28 
per  cent. 

The  consumption  of  dry  wood  is  about  575  maunds  for  each  kiln  fired 
forty-eight  hours.  The  flues  should  be  roomy,  and  before  lighting,  should 
be  filled  up  with  the  largest  and  most  awkward  shaped  logs  of  firewood. 
These  heavy  pieces  cannot  easily  be  got  into  the  fires  after  they  are 
lighted,  and  have  the  advantage  of  giving  a  steady,  and  at  the  same  time 
not  too  violent,  heat  for  the  first  few  hours ;  this  is  necessary,  in  order  to 
dry  the  bricks  gradually.  If  too  intense  a  heat  is  applied  suddenly  at 
first,  it  is  liable  to ''  run  **  the  bottom  courses  and  arches,  thereby  stopping 
the  draught  and  leaving  the  upper  courses  quite  unbumt.  When  the 
bricks  are  dry,  which  will  be  after  (about)  twelve  hours,  according  to  the 
season,  and  may  be  ascertained  by  the  cessation  of  white  vapour  passing 


from  the  top  of  tbo  kiln,  the  fires  may  be  increased  till  the  bricks  are  as 
nearly  'White  hot  at  the  top  as  they  can  be  made.  The  two  nppcr  courses 
can  never  be  made  quite  white  hot. 

The  kiln  will  be  bnrnt  in  a  period  varying  with  the  strength  and  direc- 
tion of  the  wind,  the  quality  of  the  wood,  and  above  all,  with  the  amount 
of  attention  and  labor  bestowed  on  the  firing.  The  least  irregularity  in 
firing  is  fatal ;  the  arches  from  getting  cold,  and  then  suddenly  hot  again, 
are  almost  sure  to  fall  before  the  burning  is  completed,  and  even  if  they 
do  not,  the  bricks  in  the  kiln  are  sure  to  be  *'  shufis/*  If  the  wood  is 
stacked  pretty  near  the  kilns  (say  150  feet  oflf),  five  or  six  men  for  each 
fire  will  be  necessary.  Thus  for  a  kiln  with  ten  fines,  fifty  men  (at  least) 
abonld  be  allowed,  and  divided  into  a  night  and  a  day-gang,  with  at  least 
one  peon  to  each  side  of  the  kiln  to  look  after  them. 

Daring  the  hot  winds,  it  is  very  necessary  to  build  a  thin  wall  of  kucha 
bricks  to  windward,  to  act  as  a  screen,  as  without  it  all  the  fire  goes  to 
leeward,  and  the  bricks  to  windward  are  all  peela,  while  those  to  leeward, 
Biejummaed. 

Dry  babool  wood  (Acacia  arahica)  of  about  four  to  six  inches  thick,  and 
as  long  and  straight  as  can  conveniently  be  obtained,  is  the  best  fuel  in  the 
North- West  Provinces ;  but,  unfortunately,  it  is  much  more  scarce  and 
expensive  than  dhak  (Buteafrondosa) ,  which  accordingly  is  generally  used. 

All  wood  for  fuel,  but  most  especially  dhak,  should  be  allowed  to  get 
well  dry  before  being  used.  Dhak  loses  at  least  25  per  cent,  in  weight  in 
three  or  four  months  from  the  time  it  is  cut. 

When  the  firing  of  the  kiln  is  completed,  a  covering  of  dry  earth,  not 
less  than  four  inches  deep,  should  be  thrown  all  over  the  top  of  the  kiln, 
the  flue  openings  built  up  carefully  with  kucha  bricks  and  mud,  and  the 
bricks  left  to  anneal.  A  kiln  of  the  size  mentioned  above  will  require  to 
stand  sixteen  or  twenty  days  before  being  touched,  care  being  taken  all 

the  time  that  none  of  the  walls  topping  the  flues  fall  down.  After,  say 
eighteen  days,  the  fines  to  leeward  may  be  opened,  and  next  day  those  to 
windward ;  after  two  days  more,  the  earth  may  be  taken  off  the  top,  the 
openings  for  filling  and  taking  out  cleared,  and  the  bricks  removed. 

37.  The  cost  of  bricks  at  Koorkee  burned  in  this  kind  of  kiln  was 
Rs.  750  per  lakh.  Kilns  therefore  were  used  only  because  the  demand 
for  bricks  was  greater  than  could  be  supplied  by  Hindoostanee  pajdwaha 
(or  clamps,  to  be  described  presently),  the  number  of  which  is  limited  by 
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the  qnantity  of  litter  and  oopla  produced  in  the  ncighbonring  Tillages. 

Extract  from  Report  by  Lieut.  O.  Span,  Depnty  Superintendent,  Gan- 
ges Canal. 

Memorandum  showing  the  details  of  cost  in  the  manafactnre  of  320,000  bricks. 

The  bricks  arc  13  x  CJ  x  Si  inches. 

The  kiln  is  in  every  respect  the  Roorkce  "Sindhkiln"  pattern,  viz.,  31)  x  11  X  64 
interior  dimensions,  and  having:  three  sets  of  tirches.  The  material  for  its  constmo- 
tion  has  always  been  kacha  bricks,  and  the  arches  peela  bricks  with  mud  cement 

The  nnmber  of  kilns  bnmt  has  been  23,  and  the  average  quantity  of  wood  consum- 
ed 549  maunds. 

The  out-turn  for  the  season  gives  exactly  a  rate  of  Rs.  700  per  lakh,  and  04  per 
cent,  of  pucka  bricks. 

The  wood  used  has  been  exclusively  dhdk  in  a  very  dry  state.  I  found  a  propor- 
tion of  50  maunds  per  kiln  of  almost  green  wood  very  useful  for  regulating  the  fire  ; 
in  no  case  has  the  fire  been  fed  beyond  the  specified  48  hours. 
•  On  closing  the  mouth,  the  top  of  the  kiln  has  been  invariably  covered  with  a  coat- 
ing of  8  inches  of  ashes.  The  bricks  are  seldom  cool  enough  to  unload,  until  the 
seventh  day. 

The  annexed  memorandum  shows  the  exact  amount  of  expenditure  for  the  season. 
It  will  be  readily  understood,  that  had  all  the  bricks  been  made  at  the  same  place,  the 
rate  per  lakh  would  have  been  very  sensibly  less.  In  this  has  also  been  included  the 
cost  of  the  materials  used  in  the  construction  of  bricks  to  be  burnt,  as  well  as  the  con- 
struction itself. 

Actual  Cort. 

ES.     A.     p. 

Wood,  per  lakh  of  bricks,          3«;2    8    0 

Bricks,  do.,           128    0    0 

Loading,  do.,        ..         ..         ..         ..         ..         ..  1600 

Unloading,  do.,    ..         ..         ..         ..         ..         ..  IG     8    0 

Firing,do.,            21     0    0 

Repairs  to  arches,  do 24    0    0 

Sundries,  do., 1180 

Making  kiln,  do.,  . .          . .          . .         . .          . .         . .  1>0    0    0 

Establishment,  do.,          S2    0    0 


Total,    ..         ..     C9C    8    0 
This  is  of  course  exclusive  of  carting. 

Under  **  bricks  "  is  included  the  cost  of  moulding  bricks,  for  the  actual  constrnction 
of  eight  kilns.    The  usual  rate  is  Rs.  75  per  lakh. 

Repairs  to  arches  are  rather  a  heavy  item  which  could,  however,  be  very  easily  kept 
down,  by  having  a  set  of  wooden  centerings  ;  unfortunately  I  had  not 

Making  kiln,  is  here  a  very  heavy  item  ;  it  would  have  equally  served  30  lakhs 
instead  of  3  only. 

The  more  extensive  the  brick-making,  the  less  the  rate,  inasmuch  as  a  few  kilns 
would  bum  any  number  of  bricks  ;  an  item  that  runs  the  rate  up  where  the  localities 
are  numerous,  and  would  be  still  more  so  if  a  separate  establishment  was  required 
for  each. 
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Tbe  proper  r^nlation  of  the  fire  is  the  great  secret  in  boming  ;  it  should  be  kept 
at  tn  imif<nrm  heat  thronghoat  if  possible,  and  any  carelessness  at  the  close  of  the 
firing  endangers  the  kiln  ;  and  excess  of  f  nel  at  this  state  will  assoredly  cause  the  two 
bottom  layers  to  yitrifj. 

The  relays  of  firemen  shonld  be  insisted  on.  Many,  through  ayarice,  attempt  to 
carry  on  beyond  their  strength,  and  consequently  the  fire  is  but  feebly  fed.  Each 
watch  should  be  of  four  hours  duration,  certainly  not  longer. 

The  pokers  should  be  of  strong,  straight,  and  green  babool. 

I  think  it  Tery  immaterial  which  way  the  kilns  face,  as  I  have  built  them  looking 
to  erery  point ;  perhaps  it  would  howcTcr  be  as  well  to  avoid  the  west,  especially 
if  brick-burning  is  to  be  continued  in  the  hot  weather. 

In  flame  kilns  especially,  the  bricks  must  be  thoroughly  dry  beforo  being  loaded, 
or  tiie  great  pressure  will  otherwise  entirely  destroy  the  bottom  layers. 

Wood  to  be  in  lengths  of  six  feet,  and  as  much  as  a  man  can  conveniently  get 
in,  but  certainly  smaller  than  one's  leg. 

38.  Akra  Flame  Kilns.  Bricks  are  burned  at  Akra,  near  Calcatta, 
not  only  in  Clamps  with  coal  but  also  with  wood  in  kilns. 

The  flame  kiln,  or,  as  it  is  called  in  some  parts  of  England,  close  kiln, 
is  of  great  importance  when  bricks  have  to  be  burnt  with  wood  fuel, 
when  it  would  be  difficult  to  produce  good  bricks  from  the  process  of 
"  clamping  "  with  wood,  in  a  similar  manner  to  the  coal  clamping  system. 

The  size  of  the  kiln  can  be  varied  to  suit  the  wants  of  the  locality.  The 
width  between  each  furnace  is  4  to  6  feet,  which  may  seem  unusually  large  to 
those  who  know  something  about  a  flame  kiln,  but  with  wood  it  answers 
well,  and  has  been  used  at  Akra  for  brick  and  tile- burning  for  three  years. 
The  usual  distance  is,  or  used  to  be,  2  feet  6  inches ;  extending  it  to  6 
feet  admits  of  a  saving  in  labor  for  burning,  of  more  than  half,  besides 
the  advantage  of  having  only  half  the  number  of  men  engaged  in  so  difficult 
and  skilful  an  operation. 

The  wind  is  found  at  Akra  to  affect  very  much  the  firing.  The  kiln 
shonld  be  built  to  get  the  prevailing  winds  on  both  sides.  If  this  cannot 
be  done,  a  wall  should  be  built  to  screen  the  fires  from  the  action  of  the 
wind,  or  at  least  to  break  its  force  as  much  as  possible  at  front  or  back. 

The  quantity  of  mango  wood  required  to  bum  one  lakh  of  bricks  in 
a  flame  kiln  holding  that  number,  is  8,000  cubic  feet,  weighing  2,000 
jnaunds.  The  quantity  of  soondry  firewood  is  4,000  cubic  feet,  weighing 
2,000  maunds. 

39.  English  Clamp. — In  the  English  method  of  open  clamp  burning, 
without  any  kiln,  the  piling  and  disposition  of  the  bricks  is  the  same  as  that 
already  described,  (para.  82),  except  that  the  bottom  arches  are  much  small- 
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er,  as  they  are  only  intended  to  contain  brnshwood  to  produce  tbe  first 
kindling,  and  not  for  the  future  supply  of  fuel.  No  fuel  is  used  except  tlie 
breeze  cinders  and  small  coal,  and  this  is  distributed,  by  means  of  a  sieve, 
with  wires  about  half  an  inch  apart,  o?er  every  course,  as  it  is  laid  near  the 
bottom,  and  over  every  alternate  course,  or  every  third  course  higher  up  in 
the  clamp.  The  first  layers  of  this  fuel  ore  from  an  inch  to  an  inch  and  a 
half  in  thickness ;  but  they  diminish  as  they  ascend,  because  the  action  of 
the  heat  is  to  ascend,  consequently  there  is  not  the  same  necessity  for  fuel 
in  the  upper,  as  in  the  lower  part  of  the  clamp.  The  brushwood  in  the 
bottom  ignites  the  lower  stratum  of  fuel,  and  from  the  nature  of  its 
distribution,  the  vertical  as  well  as  horizontal  joints  will  be  filled  with 
it,  and  thus  the  fire  gradually  spreads  itself  upwards,  and  the  whole 
clamp  is  nothing  but  a  mass  of  bricks  and  burning  fuel.  The  heat  is 
therefore,  much  more  generally  distributed  throughout  the  whole  mass ; 
and  in  order  to  confine  it,  the  entire  outside  of  the  clamp  is  thickly 
plastered  with  wet  clay  and  sand,  the  bottom  holes  being  opened  or  shut 
as  occasion  may  require  for  regulating  the  draught  of  air. 

Notwithstanding  the  heat  is  much  more  equably  distributed  throughout 
this  form  of  kiln,  yet  the  outside  bricks  all  around  receive  very  little  ad- 
vantage from  the  fire,  and  are  never  burnt;  but  being  on  the  outside,  they, 
are  easily  removed,  and  are  reserved  for  tbe  outside  casing  of  the  next 
clamp  that  may  be  built ;  and  being  then  turned  with  their  unbaked  sides 
inwards,  some  of  them  become  available.  On  taking  down  the  clamp,  the 
bricks  are  assorted  into  three  separate  parcels  or  varieties,  according  to 
their  perfectioh  and  goodness.  Those  that  are  burnt  very  hard  and  have 
not  lost  their  figure  or  shape,  may  be  selected  for  arches.  The  main  body 
of  well  burnt  bricks  are  called  stockSy  and  those  which  are  imperfectly 
burnt  are  called  place  bricks. 

These  several  varieties  of  brick  have  each  a  separate  price,  the  best  being 
worth  twice  as  much  as  the  worst.  If  the  fire  has  not  been  carefully 
attended  to,  and  has  been  permitted  to  get  too  violent,  some  of  the  lower 
bricks  will  become  distorted  by  partial  fusion,  and  may  fuse  and  adhere 
together,  when  they  are  called  clinkers,  and  are  useless  for  building  pur- 
poses, but  form  an  excellent  road  material. 

A  coal  clamp  of  100,000  bricks  rarely  burns  out  under  a  month. 
There  is  a  great  saving  of  fuel  in  burning  large  clamps,  but  where  time 
is  an  object,  small  clamps  ought  to  be  made.     Tbe  bricks  ought  not  to 
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be  opened  ost  before  they  are  tboronghl;  cool,  and  titoj  are  apt  to  crack 
bj  the  breeae  plajing  upon  tbem  when  hot.  The  amoimt  of  coal  to  be 
oaed  depends  upon  the  quality  of  the  fuel,  and  the  degree  of  hardness  to 
which  it  ia  wished  to  bom  the  bricks.  650  or  700  mannds  oi  moderately 
good  oottl  ought  to  be  aafficient  to  bum  100,000  bricks ;  a  great  deal, 
bowerer,  depends  also  npou  the  clay  ;  a  light  sandy  clay,  sach  as  is  found 

fay  riTer  sides,  takes  less  fuel  than  a  bard,  strong  clay. 

Id  London  close  (instead  of  open)  clamps  are  employed,  no  spaces  being 

left  between  the  bricks.     Each  brick  contains  in  itself  the  fuel  necessary 

for  ita  vitrification ;  the  breeze  or  cinders  Berring  only  to  ignite  the 

lower  tiers  of  bricks,  from  which  the  heat  gradaally  spreads  over  the  whole 

tlampa. 
40.      Ihdiah  Clamp  or  Fajawah.     The  pajdioak  is  an  arrangement 

for  btick-bnming  in  the  open  ur,  eomewhat  resembling  the  English  clamp. 

The  bricks  and  fuel  are  laid  alternately,  the  former  in  courses  of  four 


or  fire  bricks,  the  latter  of  2  or  2^  feet  in  thickness,  the  proportion 
of  fuel  being  diminished  towards  the  top.  The  whole  is  generally  built 
with  one  side  abrupt,  and  nearly  Tertical,  and  with  a  long  slope  on  the 
other.  The  fuel  generally  consists  of  dry  grass,  wooden  chips,  that 
(manure),  koorah  (Utter,  miscellaneonB  dry  sweepings)  and  oopla  (dried 
cow  dung),  and  very  generally  a  layer  of  wood  nnder  all. 

The  form  of  the  pajawab  is  generally  triangular  ;  its  floor  smooth,  and 
•loping  at  an  angle  of  15'',  being  lowest  at  the  angle  where  it  is  lighted. 
The  upper  surface  elopes  at  an  angle  of  aboat  30°,  in  the  direction  of  its 

The  following  is  a  note  on  brick -burning  in  pajdwahs,  by  Lieut.  J. 
Finn,  formerly  Executiye  Officer  of  Materials  at  Roorkee. 

The  qnantity  of  fuel  (koorah  and  oopla)  oiNd  in  the  Hindooataaee  clamps  at  and 
iKar  Boorkce,  U  about  6  inches  thicker  than  the  Uver  of  kutrha  biicki  placed  oret 
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it ;  that  is  to  saj,  if  the  fael  is  8  feet  in  thickneis,  the  layer  of  brickB  placed  on  the 
top  of  it  should  be  2|  feet,  or  5  bricks  high  ;  each  bhck  being  6  inches  wide.  A 
damp  now  being  filled  at  Roorkee  has  a  layer  of  wood  about  one  foot  deep  all  along 
the  bottom,  bat  none  in  the  second  or  third  tiers,  excepting  a  small  quantity  at  the 
mouth  of  the  damp  to  ensure  its  speedy  ignition.  When  the  clamp  is  ready  for  fir- 
ing, about  one  foot  in  thickness  of  fud  (koorah  only)  is  spread  all  oyer  ito  top,  and 
over  that,  one  foot  of  ashes. 

The  nndermentioaed  quantity  of  fuel  will  bum  one  lakh  of  bricks  in  a  native 
damp,  viz. :  — 

825  2-bullock  cart  loads  of  khat 
750  Maunds  of  oopla. 
100  Maunds  of  fire-wood. 

Once  a  damp  is  filled,  covered  over  on  the  top  with  ashes,  and  fired,  it  is  not  liable 
to  injury  from  high  strong  wind ;  n«r  will  a  heavy  fall  of  rain  harm  a  clamp  when  in 
the  above-mentioned  state. 

The  size  of  bricks  used  in  masonry  works  of  the  Northern  Division,  Ganges  Canal, 
is  12  X  6  X  24  inches  ;  and  when  made  by  contract  in  Hindoostanee  clamps,  are  paid 
for  at  the  rate  of  B&  475  per  lakh  ;  pucka  or  well-burnt  bricks  only  are  taken  from 
the  contractors.  On  the  Western  Jumoa  Canals,  pucka  bricks  12  x  6  x  8  inches 
are  delivered  by  contractors  at  the  clamps  for  Rs.  450  per  lakh,  and  pucka  bricks 
12  X  6  X  2  inches  for  Rs.  850  per  lakh.  Carriage  from  the  clamps  to  work  brings 
the  price  of  the  former  up  to  600  Rs.  and  the  latter  to  500  R&  per  lakh. 

The  sooner  a  Hindoostanee  damp  is  fired  the  better.  I  imagine  that  when  about 
one-third  filled,  the  clamp  ought  to  be  lighted,  for  the  fire  will  bum  more  quickly,  and 
more  equably  before  the  fuel  becomes  compressed  and  partiy  decayed  than  it  would 
otherwise. 

41.  Memo,  of  the  cost  of  one  lakh  of  bricks  burned  in  a  Paj&wah 
(Mynpooree  District),  by  Sergeant  W.  Johnstone,  Overseer,  Northern 
Division,  Ganges  Canal. 

Cost  of  1  lakh  kncha  bricks  (contract), 
825  hackery  loads  of  litter,  at  6  as.  per  load,   ... 
760  maunds  oopla,  Mynpooree  weight  (=  950  Co's.  maunds),  at  Rs. 
1  per  10  maunds,  ...  ...  ...  ...  •.. 

120  maunds  fire-wood  (=  150  Co's.  maunds),  ... 

Labor — piling  and  burning  bricks,  including  pay  of  chuprasee,  ... 

ounones,  •■»  •••  *■■  ••*  «»•  ••• 

Cost  of  bricks  at  the  clamp,  ...  ...      849  14    0 

42.  Extract  from  a  Memorandum  by  M.  P.  Volk,  on  Brick-making, 
in  the  Third  Division  of  the  Ganges  Canal  Works,  dated  15th  December, 
1851. 

Village  coolies  have  been  principally  employed  on  moulding  bricks,  and  these 
turn  out  from  500  to  700  bricks  per  man  per  day.  When  regular  moulders  have 
been  employed,  the  out-turn  per  man  has  been  from  1,200  to  1,500  per  day.    The  cod- 
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tnet  rates  for  moulding  yaxy  from  66  to  70  rapees  per  Ukh,  according  to  the  diffi- 
cnltj  of  procuring  water. 

Tbt  diwienirions  of  bricks  made  and  used  in  the  Third  DivisioD,  are  12  x  6  x  8  in- 
dies, and  thej  have  been  horned  invariablj  in  the  country  kilns  or  native  paj&wahs. 
The  fod  nsed  in  a  paj&wah  consists  of  all  kinds  of  combustible  refose  of  towns  and 
viUages,  and  oopla  and  dnng  made  into  cakes  well  dried  in  the  smi.    Oopla  and  hvddjf 
Wmddjf  (bcnes  and  pig's  dang)  have  been  weighed  before  being  pnt  into  the  clamp  ; 
of  the  former,  from  1,500  to  1,800  mannds  ;  of  the  latter  from  300  to  600  maands  ; 
md  abont  6,000  mannds  of  koorah  (village  refuse)  are  required  for  one  lakh  of  bricks 
Small  quantities  of  wood  have  sometimes  been  put  into  clamps,  but  it  proved  disad- 
vantageoos,  and  Mr.  Volk  thinks  the  use  of  wood  and  koorah  coojointlj  is  injurious. 
The  time  occupied  in  loading  a  clamp  varies  from  two  to  three  months  for  each  lakh, 
and  the  soooess  of  a  clamp  depends  very  much  upon  this  item.  Mr.  Yolk's  experience 
Jus  ooavinoed  him  that  the  sooner  a  damp  is  fired  the  better  ;  and  his  rule  has  been 
that  ^Hien  40  or  60,000  bricks  were  piled  into  the  clamp,  it  should  be  lighted  ;  the 
firogreas  of  the  fire  being  slow,  anj  number  of  bricks  can  be  piled  afterwards. 

The  time  required  to  unload  a  clamp  when  properly  cooled  depends  upon  the  labor 

cmplojed,  bnt  the  period  required  for  cooling  is  veiy  long,  and  sometimes  the  process  of 

loading  is  obstrocted  by  heat,  eight  or  ten  months  after  fire  has  been  set  to  the  clamp. 

A  properly  managed  and  successful  clamp  ought  to  turn  out  from  80  to  So  per  cent. 

of  well  burned  bricks. 

Expenses  incurred  in  brick-making  in  the  Third  Division,  during  the  years  1850 
and  1851,  were  as  follows  : — 

Total  expenditure  for  thirty-two  clamps  made  during  the  season  of  1850,  is  Rs. 

18,541-10-6  ;  number  of  bricks  piled  is  8,696,080  ;  cost  of  one  lakh  is,  therefore,  Rs.  501. 

Total  expenditure  on  thirty-four  clamps  made  during  the  season  of  1851,  is 

Ba.  15,652  ;  the  number  of  bricks  piled  is  3,477,529  ;  cost  of  one  lakh,  therefore,  is 

Bs.  450  ;  or  a  saving  on  the  former  season  of  Rs.  51  per  lakh. 

The  maximum  cost  per  lakh  in  1850  is  Rs.  633  ;  minimum  Rs.  326  ;  the  nlkiximam 
cost  per  lakh  in  1851  is  Rs.  567  ;  the  minimum  Rs.  352.  The  largest  kiln  contained 
815,900  bricks  ;  the  smallest  36,000.  Supposing  the  total  cost  of  a  lakh  of  bricks  to 
be  1,  the  expenditure  on  the  several  items  required  in  brick-making,  has  the  following 
proportions: — 


Particulars  of  expense. 


In  1850. 


In  18fil. 


•  • 


Establishment, 

Carting  koorah, 

Moulding  bricks, 

Purchase  of  oopla, 

y,  buddy  khuddy,        

Pref*aring  and  piling  clamp, 

Miscellaneous  expenses,  tools,  chnppers,  &c,  .  • 

Total,  .. 


0-116 
0-393 
0092 
0146 
0-052 
0192 
0-009 


1-000 


0097 
0-426 
0127 
0-123 
0-050 
0-171 
0-006 


1-000 


No  oonpensation  has  been  given  for  koorah,  but  its  conveyance  is  the  most  expen- 
sive item  in  brick-making,  being  equal  to  two-fifths  of  the  total  cost  for  a  lakh.  The 
total  expenae  incorzed  on  account  of  fuel  is  equal  to  three-fifths  of  the  total  coat  of  a 
clamp. 
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Mr.  Yolk  charges  at  his  works  Rs.  900  per  lakh  for  pucka  hricks,  Rs.  300  per  lakh 
for  peela  ones.  These  rates  are  higher  than  iHe  real  cost  on  the  last  two  year's 
operations,  but  they  are  maintained  to  cover  the  losses  suffered  by  failures  at  the 
commencement  of  operations.  The  actual  cost  of  a  lakh  of  pucka  bricks  at  the  kiln 
is  about  Ra.  650.  The  rate  paid  to  contractors  for  pucka  bricks  is  Rs.  500,  but 
contractors  can  only  be  found  near  large  towns,  where  koorah  is  plentiful. 

Mr.  Volk  considers  the  native  clamps  (pajawah)  preferable  to  any  description 
of  kiln  he  has  seen  used  in  India  ;  the  size  of  these  pajiwahs  should  depend  on  the 
quantity  of  bricks  to  be  loaded,  and  the  kind  of  fuel  to  be  used.  He  considers  also, 
that  large  clamps  are  more  advantageous  than  small  ones. 

43.  In  all  these  ^' clamp*'  systems,  there  is  much  loss  by  breakage,  in 
consequence  of  the  upper  courses  of  bricks  sinking  on  the  consumption  of 
the  fuel  underneath  them.  The  distribution  of  heat  also  (at  least  in  clamps 
of  the  large  size  formerly  in  use  at  Roorkee),  is  unequal ;  some  parts  of 
the  clamp  producing  larger  masses  of  yitrified  material,  whUst  in  others, 
the  bricks  are  but  half-burned. 

Various  experiments  were  made  in  Bengal,  and  the  result  published  by 
the  Military  Board,  in  1827  and  1828,  on  the  burning  bricks  in  clamps ^ 
both  with  wood  and  coal.  The  clamps  were  built  with  flues  as  describeii  in 
the  English  kilns,  but  smaller,  and  filled  with  well-dried  chips  or  brush- 
wood. For  the  fuel  above  the  flues,  or  choolahs,  green  wood  was  preferred, 
as  retarding  the  fire  ;  wood-loaded  kilns  generally  burning  too  rapidly,  and 
causing  grest  loss  by  vitrifying  the  bricks  in  the  centre.  The  wood  was 
split  up  into  pieces  not  exceeding  4  or  5  inches  in  thickness,  and  so  ar- 
ranged, as  to  leave  level  surfaces  for  the  layers  of  bricks  to  be  laid  upon. 
The  flues  were  2  feet  high  and  9  inches  wide,  with  three  bricks  laid  flat  on 
them,  having  narrow  intervals  to  allow  of  the  fire  ascending  from  the  flues. 
The  clamps  were  finished  with  alternate  layers  of  brick  and  fuel,  the 
bricks  being  laid  touching  each  other  throughout,  the  interstices  formed 
by  their  contraction  under  the  great  heat,  being  sufficient  to  ensure  the 
firing  of  the  upper  layers  of  fuel.  The  sides  of  the  clamp  were  then  built 
up  with  mud,  broken  kucha  bricks,  &c.,  and  well  plastered  with  mud  to 
exclude  the  air. 

44.  Another  construction  by  Capt.  Bell,  as  described  seems  well 
adapted  to  prevent  the  sinking  of  clamps  when  wood  is  used  as  fuel. 
The  wood  is  everywhere  contained  in  flues  crossing  each  other  at  right 
angles,  the  walls  of  which  are  supported  by  layers  of  brick -on-edge,  com- 
pletely covering  the  area  of  the  clamp. 

The  ground  layer  of  four  flat  bricks  being  laid  with  equidistant  flues, 


they  u«  filled  op  witb  light  wood  and  dry  chips,  orer  which  two  bricks 
sre  Ivd  fl4t;  on  this  ia  fonned  &  second  set  of  flaes,  numing  acoss  the 


C/te9s    ifCTurn 
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groDDd  fines,  and,  aft«r  filling  np  between  the  fines  with  wood,  the  whole 
area  is  bnilt  orer  with  three  brickg-on  edge,  the  length  of  the  bricks  nm- 
ing  in  the  same  direction  with  the  fines  and  wood.     The  full  height  is 
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formed  by  an  alternation  of  flues*,  and  solid  masses  of  bricks  as  shown  in 
the  plan  annexed. 

To  close  the  clamp,  extend  the  flue  opening  as  at  a  (see  section)  one 
brick  in  length,  and  cover  it  with  two  flat  bricks.  Then  build  up  with  one 
brick  breadth-ways,  the  outer  coating  as  at  g  (with  half-dried  bricks,  or 
any  kind),  oyer  which  straw  (well  wetted)  is  laid  on  the  slope  from  the  top 
downwards,  giving  it  a  good  coat  of  mud  plaster.  The  mud  should  not 
be  thickly  laid  on,  but  well  rubbed  into  the  grass.  If  thick,  the  heat  of 
the  fire  and  sun  makes  it  peel  off,  and  admit  the  air,  before  the  fire  has  gone 
through  the  clamp. 

One  great  error  appears  to  consist,  in  putting  large  masses  of  wood  into 
the  upper  tier  flues :  it  is  thus  that  so  much  material  becomes  vitrified 
The  ground  flues  ought  to  be  filled,  (but  not  choked)  with  good  dry  fhel 
intermixed  with  chips,  so  as  to  communicate  quickly  through  the  whole. 
The  wood  of  the  first  tier  should  be  reasonably  large,  with  some  small 
pieces  or  chips ;  and  in  every  higher  tier  in  succession  they  should  be  less 
in  size  as  well  as  in  quantity ;  because,  as  all  the  fire  and  heat  rise  from 
below,  the  higher  tier  has  the  advantage  of  all  the  foregoing  flue  fires  in 
addition  to  its  own.  Previous  to  its  ignition,  too  many  bricks  should  not 
be  piled  above  the  wood,  however  great  the  quantity  of  the  latter,  or  they 

will  be  irregularly  burnt,  and  much  fuel  wasted. 

Memo,  of  two  small  clamps  at  Amftha,  bctbnbd  bt  Captain  Bell. 

12-iii.  brick.  Mds.  ot  coal.  Mds.  wood  in  cholah. 

]Rt  kiln  Clamp,  -    24,000  104  50 

2nd        „  -    40,000  159|  90 

The  bricks  taken  from  which  were  all  red,  well  burnt,  and  not  more  than  500 
nnsenriceable. 

45.  Circular  Brick  Clamps, — This  kind  of  clamp  will  be  found  superior 
to  native  pajdwahs  in  percentage  of  first-class  out-turn,  and  a  very  great 
advantage  in  their  use  is,  that  the  exact  quantity  of  bricks  and  fuel  loaded 
into  the  clamp  can  be  determined  by  measurement,  which  cannot  be  done 
in  the  case  of  pajdwahsy  where  the  officer  in  charge  is  almost  entirely  at 
the  mercy  of  his  mates  and  moonshees  with  regard  to  the  expenditure  of 
fuel.  These  Clamps  can  only  be  used  when  oopla  is  obtainable  in  large 
quantities ;  where  koora  is  chiefly  procurable,  common  pajdwahs  should 
be  used.  A  clamp  containing  a  lakh  and  three-quarters  of  9-inch  bricks, 
should  be  about  64  feet  in  diameter  in  the  lowest  course  of  bricks,  and 

*  Two  rowB  of  bridn  laid  flat,  aeem  to  be  requisite  above  eocA  set  of  flues,  to  prorant  bricks-oo* 
edge  from  falUng  into  them,  whilst  the  fuel  is  being  consnmed. 
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ought  to  take  14  days  to  load,  14  days  to  bum  out,  aud  a  m'outli  to  cool 
down*  The  thickDesses  of  fuel  given  on  the  drawing,  are  those  which 
should  be  used  in  the  hot  weather,  but,  at  the  commencement  of  opera- 
tions in  the  cold  season,  the  thickness  of  oopla  in  the  courses  should  be 
increased  by  about  20  per  cent.  The  average  out-turn  through  the  season, 
if  care  ia  taken  to  regulate  thickness  of  fuel  properly,  should  be  about  70 
per  cent,  first-class,  and  10  per  cent,  second-class,  bricks,  per  100  kucha 
bricks  loaded.  The  following  memorandum  is  adapted  and  modified  from 
one  in  use  in  the  Jullundur  Division : — 

M&marandum  for  guidance  of  Subordinate  in  charge  of  Itiln-yard^  in  loading 
dreviar  Clamp. — 1.  Prepare  the  ground  by  describlDg  a  circle  aboat  64  feet  in  dia- 
meter, and  fonn  the  ground  into  a  neat  and  regular  inverted  cone,  depth  of  which 
maj  be  about  18  to  24  inches.  Spread  a  bed  of  asbea  over  this,  if  available ;  if  not 
avaiUble,  use  8  inches  of  koora. 

2.  Loading  is  not  to  commence  until  the  bricks  and  fuel  required  for  the  clamp 
have  been  all  oollected  at  site. 

&  Commence  the  clamp  by  a  course  of  brick-on-edge  (peela  12-inch  bricks  if  a- 
vaOable)  arranged  as  shown  in  plan  of  flue  course.  This  course  forms  a  succession 
of  flues  into  the  heart  of  the  clamp,  and  allows  the  fire  to  spread  regularly  from  con*- 
tte  to  circomlerence  in  the  lowest  course  of  fuel. 

4.  Lay  on  the  flue  courses,  a  course  of  oopla  of  equal  thickness  packed  regularly : 
when  completed,  beat  this  down  slightly  with  wooden  beaters,  and  spread  over  nil 
aboat  2  inches  of  koora.  No  other  fuel  than  oopla  and  koora  is  to  be  used  in  any 
part  of  the  clamp.    Koora  is  infused  to  prevent  the  oopla  burning  too  rapidly. 

5w  On  this,  lay  a  course  of  brick-on-edge,  then  a  second  course  of  oopla  and  koora, 
as  shown  in  the  drawing,  and  so  on,  beating  down  each  course  of  oopla  before  the 
koora  is  laid  on  it,  the  beating  to  be  harder  and  continued  longer  in  the  higher,  than 
in  tibe  lower,  courses.  The  surface  of  each  coat  of  koora  is  to  be  formed  into  a  neat 
inverted  cone  before  laying  the  bricks  over  it,  and  each  course  of  fuel  and  bricks  must 
be  measured  by  the  subordinate  in  charge  before  the  next  course  is  laid,  and  the  ac- 
tual measaremeuts  recorded  in  the  register. 

The  bricks  are  to  be  laid  as  close  together  on  edge  as  possible,  and  it  is  not  neces- 
sary to  leave  any  openings  between  them,  as  the  fire  spreads  with  sufficient  rapidity 
when  the  bricks  are  laid  close.  The  outer  rings  of  the  courses  of  bricks  should  be  of 
peela  bricks,  if  any  are  available,  as  they  will  probably  bum  pucka,  and  become  use- 
foL  Care  must  be  taken  to  leave  a  vertical  flue  of  about  12  inches  diameter  in  cen- 
tre oi  the  damp,  through  which  the  kiln  is  to  be  fired ;  it  is  to  be  kept  covered  by  an 
inverted  gurrah  as  the  work  goes  on,  and  is  to  be  cleared  by  pushing  down  a  long 
bamboo  before  lighting  the  clamp,  which  is  effected  by  dropping  live  charcoal  down 
the  floesy  and  when  the  fire  has  taken,  this  flue  is  to  be  closed. 

6i.  The  outer  surface  is  to  be  smoothed  off  with  oopla,  the  steps  left  being  filled 
np,  commencing  from  the  top,  and  a  course  of  cakes  of  oopla  packed  on  edge  laid 
over  this.  The  whole  is  to  be  finished  off  with  a  coat  of  3  inches  of  koora  covered 
with  ashes,  and  a  straw  covering  and  leeping  are  unnecessary.  When  the  outer  ooat 
is  eoBpleted,  a  katcha  wall  of  refuse  brioks  in  mud  is  to  be  built  up  all  round  the 
you  I.— ^HIBD  BDITIOK.  K 
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damp,  to  a  heip:ht  of  4  feet  or  so.  fines  comnmniVftfinff  with  th<»  fln^  cotirw*  Mnjr  ^eft 
all  round,  which  are  to  be  closed  when  it  is  fonnd  that  the  clamp  in  burning  properlj, 
and  are  to  be  0|)ened  when  required  to  regulate  the  spread  of  the  fire. 

7.  As  the  burning  goes  on,  any  openings  which  may  form  are  to  be  closed  at  once 
with  oopla,  koora  and  ashes,  and  a  party  of  coolies  must  be  kept  at  this  work  night 
and  day  for  the  first  few  days  after  lighting  the  kiln.  If  the  diameters  of  the  oouraea 
of  bricks  are  made  to  diminish  4  feet  in  each  course  np  to  the  8th,  and  6  feet  in  the 
courses  above  the  8th,  little  trouble  will  be  experienced  in  the  above  respect,  and  the 
courses  should  also  be  stcp|)ed  off  as  shown  in  the  drawing  ;  but  if  these  points  be  not 
attended  to,  great  trouble  and  loss  will  be  CHUsed  by  bricks  falling  down  the  sides  ai 
the  damp  settles.     If  fire  breaks  out,  it  should  be  at  once  smothered  with  a^bes. 

8.  Unloading  may  be  commenced  so  soon  as  the  clamp  cools  down,  but  care  mnat 
be  taken  not  to  open  it  prematurely,  as  if  ojiened  before  the  bricks  have  become  an- 
nealed, great  breakn^fc  will  certainly  take  place  in  the  ]>roccs8  of  unloading,  and  the 
bricks  will  be  rendered  brittle. 

9.  Clamps  arc  to  be  unloaded  from  the  top  downwards  in  successive  courses  as 
loaded,  and  the  btutc  of  each  course  is  to  be  reconled  in  the  register  by  the  subordinate 
in  charge,  for  guidance  in  regulating  the  thickness  of  fuel  in  future  clamps.  The 
ashes  are  to  be  regularly  removed  from  each  course  in  baskets,  and  used  in  forming  a 
bed  for  a  new  kiln  or  in  filling  excavations. 

JUeaturementt  of  covrtett  offvel,  Jj'n, 
To  find  ciibic  feet  of  oopla  in  any  coi/r<^.— Measure  diameter  0  in  fei»t  with  • 

o ^       tight  tape,  and  measure  H  and  h 

in  inches.    Then,  cubic  feetoop;*  ^ 
area  square  feet  j^  (H  +  |  A). 

To  find  cubic  feet  of  koora  in  any  course, — Measure  dinmeter  AB  =:  T)  with 

3  a  tight  tape ;  sides  of  cone  ACB 
=  D,  with  a  loose  tape ;  measore 
the  thickness  in  inches  =s  A,  use  a 

new  diameter  s=  V  D  X  D„  and 

area  of  circle  to  this  diameter. 

n-..               .     ^    £                       \  '    £    i.       we*  o'  circle  ^^   . 
Ti-en,  content  of  course  in  cubic  leet  ^ j.^  —   X  A. 

To  find  9  inch  bricks  in  any  course  —TtkVt  measurements  as  for  courses  of  koora, 
being  careful  to  take  the  mean  measurement  where  steps  are  given  on  the  exterior 
circumference  of  course  of  bricks. 

Then- 
Content  of  course 

in  9 


it  of  course!     _    f    area  of    1 

Much  brick  ]    ^    \     circle     J  ><   1  1<>5   X   '^ 


the  constant  11G5  will  vary  according  to  the  closeness  or  otherwise  of  packing  of  the 
course,  and  also  according  to  the  size  mould  use«l,  and  should  be  determined  by  count- 
ing the  bricks  actually  laid  in  a  sector  of  some  selected  course. 

The  mode  of  obtaining  contents  of  top,  and  of  cxtt  rior  covering  is  suflSciently  obvious. 

It  is  recommended  that  a  Slide  rule  should  bo  used  for  working  out  the  content  of 
the  coui'ses  ;  it  will  be  lound  uiuch  more  rapid  in  use  than  a  table  of  areas  of  circles^ 
and  will  giT«  contents  with  sufficient  aocoracj  for  all  practical  porpoMi. 
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If  the  salKvrdinate  in  charge  is  cnacquainted  with  the  use  of  the  slide  rule,  he 
diouldbe  provided  with  a  set  of  tables,  as  the  labor  of  cnlculating  out  the  content  of 
tbe  courses  with  pen  and  ink,  woald  be  very  ^rcat,  and  in  fact  would  be  impracticable  . 
if  the  operations  were  carried  out  on  a  large  scale. 

46.    Captain  Sage,  Executive  Officer,  Guttanl  Division,  PuMic  Works, 

gi?«8  the  following  comparative  estimate  of  the  cost  of  burning  bricks 

irithcoal  and  wood ;  by  which  it  appears  that  with  wood  at  Rs.  16  per 

100  maands,  and  coal  at  Rs.  37-8  per  100  maunds,*  the  latter  is  much 

the  cheaper. 

No.  1. 

Burnt  with  CocU  at  Bhoonoot, 

Small  Woal  and  Chip^,    6(  0  Mds. 
Coal  in  lajcn,             ...  7/0    „ 
Bricks,  106,(HK> 


2  bricks  Jfat. 


GROUND  PLAN  SIMILAR  TO  THAT  OF  NO.  2. 


dU 


0 

I 


40 

J 


to 

I 


90 

I 


40 


SO 


100,000  bricks,  12  inches,  

Kilning        „  „ 

1,000  bundles  grass, 

20  coolies  cleaning  the  ground,  at  2  as.  rach,    . . 

650  maunds  of  sands,  at  Rs.  3  per  1,000  maunds, 

Banibo<^>s,  rope,  &c., 

300  maunds  of  wood,  at  Rs.  16  per  100, 

375  maund:5  of  coal  at  6  as.  per  mauud,  • . 


R.  A.  p. 

63  0  0 

26  0  0 

2  0  0 

2  8  0 

19  8  0 

1  0  0 

48  0  0 

104  10  0 


Total  Rs.,         ..  ..   292  10     0 

Actaal  produce  excluding  loes  by  breakage,  kc.  90  ,(00  bricks,  at  8:^0  Rs.  per  100,000. 

•  About  91««  per  too* 


Ne.  2, 
Burnt  voifh  Wood  at  Julopoor. 


mf^ 


100,000  brickB.  12  inchcg 6300 

Kilning          „            26    0    0      . 

1,000  bundles  of  rtn.tr 200 

20    coolies  cleaning  the  Kronnd,  at  2  M.  each 2    6    0 

6G0  mannitB  of  uod,  at  Bb.  8  per  100  maonds,          ..         ..  19    B    0 

Bamboos  and  roMB. ..         .,         ,.         ..         ..         .,         ..  100 

l.SOOnuuuidB  of  wood,  atBa.  ISpeTlOOmaandB,        ..         ..  2G6    0    0 

Total  Bs.,  ..        ..  B60    0    0 

Aotul predooa raclDdlDB  ItM by  bmkien, kc,  T1.00(llKlaki,U4ll)B*.iiv  10(1,1)00. 

Beniijei  the  kdvuiUge  of  cbeapnese,  coal  is  shown  to  be  in  vatitj  other 
respects  tnperior  u  fiicl,  to  wood ;  the  space  occnpied  bj  it  between  tbt 
layers  of  brick  is  so  nincli  smaller,  that  the  clamp  sioks  much  less,  and  its 
outer  casing  is  less  deranged.  The  wind  which  interferes  with  the  gradnal 
and  equable  process  of  the  fire  is  thus  better  kept  oat.  The  loss  b;  break- 
age is  likewise  mnch  less,  and  the  bricks  from  being  bnmt  more  slowly 
are  more  compact.  The  coal  should  be  broken  into  pieces  not  exceeding 
one  inch  in  diameter.  In  kilns,  likewise  coal  must  have  like  advantages 
over  wood,  except  as  regards  the  greater  displacement  of  the  casing  of  th« 
clamp ;   the  permanent  walls  of  kilns  not  being  liable  to  this  contingencj. 

47.  Hoffmanm'b  Patent  Kilns. — The  grand  object  of  this  invention 
— economy  of  fuel— is  materially  asbisted  by  particular  attention  being 
paid  to  a  few  leading  points ;  and  first,  by  selecting  a  dry,  well-drained 
site;  as  any  damp  rising  from  the  earlh  is  to  be  carefully  avoided ;  for, 
should  this  be  present,  it  not  only  takes  fuel  to  generate  this  moisture 
intc  vnponr  for  discharging  it  by  the  flues,  but  it  has  the  further  ierioua 
effect  of  retarding  the  btuning  of  the  kiln,  and  damaging  the  bnmt 
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bricks,  which  wonid  show  cracks  caused  by  the  raponr  rising  from  the 
groand. 

Drotiui^e.— After  the  soil  has  been  taken  oat,  it  is  of  the  utmost  im« 
portaQce  to  well-drain  the  whole  site  to  a  deeper  level  than  the  lowest  flue. 
From  the  smoke-chamber  round  the  chimney,  a  drain  is  to  be  laid  at  a  lower 
krel  than  any  of  the  foundations,  and  all  drains  from  flues,  &c.,  should 
hafe  an  inclination  towards  the  central  chamber,  and  delivering  into  this 
drain*  The  chimney  foundation,  likewise,  is  to  be  supplied  with  a  drain 
to  carry  off  the  condensed  steam  running  down  the  inside  wall  of  the 
stack. 

Foundation  of  burning  chamber. — The  foundation  of  the  two  walls  form- 
ing the  annular  burning  chamber  is  to  be  carried  down  2  feet  6  inches 
below  the  floor-level,  as  shown  in  plan,  for,  if  the  material  beneath  the 
floor  is  composed  of  clay,  or  any  substance  that  will  contract  on  exposure 
to  heat  from  firing  the  goods  over  it,  it  is  obvious  the  foundation  would 
give  way,  open,  and  admit  air,  which  is  a  serious  drawback  to  the  working 
of  the  kiln.  The  floor  of  the  burning  chamber  is  to  be  formed  of  hollow 
chambers  as  shown  in  sections  (g  h)  and  (t  k)  of  the  Plate^  being  closely 
covered  over  with  bricks,  on  the  top  of  which  a  stratum  of  clay-is  packed 
About  9  inches  thick,  and  on  this  rests  the  paving  of  common  bricks- 
The  lining  inside  the  kiln,  including  the  drop  arches  at  the  end  of  each 
duunber,  is  to  be  made  of  fire-bricks,  or  bricks  which  will  not  contract 
ukier  repeated  burnings,  being  able  to  resist  a  greater  heat  than  the  clay 
to  be  burned. 

Baitered  waUs. — The  outer  battered  walls  of  the  kiln  taking  up  the 
presaore  from  the  arch,  are  to  be  built  as  shown  of  common  bricks,  laid  in 
mortar,  not  bonded  with  the  wall  of  burning  chamber,  allowing  the  latter 
free  motion  as  required  through  the  heat  passing  through  the  kiln.  In 
the  packed  space  between  the  outer-walls,  and  walls  of  burning  chamber, 
croaa-walls  or  tie  of  4|  inches  work,  (it  is  shown  in  the  plan  one  brick,  but 
half  brick  is  quite  enough)  are  constructed,  and  bonded  with  the  battered 
walls,  but  free  of  all  connection  with  the  inner  wall ;  the  object  being  to 
resist  better  the  thrnst  during  expansion,  instead  of  solely  depending  on 
tlie  packing  material. 

Chimn^. — The  chimney,  which  is  of  a  very  light  construction,  consists 
m  its  horinmtid  section;  of  two  rings  of  9  and  4^  inches  brick-work,  respec^ 
tively.    The  9- inch  wall  is  carried  up  to  about  80  feet  in  height,  and  then 
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both  rings  are  only  bnilt  mih  half  a  brick  each.    These  rings  are  bonde 
and  strengthened  by  radial  lies  reaching  from  the  base  right  to  the  top  c 
the  chimney.    There  are  altogether  12  such  ties.     The  short  inner  tube  i 
conptmcted  inside  the  chimney  to  protect  the  brick- work  of  the  latter,  i 
case  an  intense  heat  should,  through  some  cause  or  other,  pass  into  th 
chimney,  as  may  happen  at  the  end  of  Uie  season  in  burning  the  lis 
chamber,  by  allowing  the  gases  of  intense  heat  or  the  flame  to  pass  dirm 
into  the  chimney.     This  chimney  construction  is  both  cheap  and  strong 
and  forming  an  air  chamber  round  the  inner  wall,  the  latter  is  well  pro- 
tected against  cooling,  which  is  very  important,  as  the  waste  steam  anc 
smoke   possess  a  very  low  temperature.      At  the  base,  the  chimney  i^ 
provided  with  four  apertures  forming  the  communication  with  the  smoke 
chamber. 

Bricklaying, — The  whole  structure  of  the  kiln  can  be  executed  witl 
bricks  laid  in  mortar  in  the  usual  manner,  with  this  one  exception,  tlial 
the  two  side  walls,  arch  and  floor,  forming  the  annular  chamber,  are  to  h 
built  with  bricks  laid  in  clay  mixed  with  sand  to  the  textiire  of  a  go<i^ 
loam.  For  making  firm  work,  this  clay  should  be  made  up  into  a  slop  vn 
the  consistence  of  thick  cream,  and  not  used  as  mortar  is  generally  employed 
making  a  thick  joint  between  each  brick,  and  the  next  following  one.  Thi 
slop  or  clay  being  placed  conveniently  for  the  workman  in  a  water-tight 
box,  he  takes  a  brick,  and  dipping  those  surfaces  he  wishes  to  unite  in  tin 
slop,  and  well  coating  tbem  with  it.  he  lays  the  brick  in  its  place,  at  thi 
same  time  forcing  it  into  as  close  a  contact  as  possible  wiih  those  next  tc 
it.  He  then  proceeds  with  another,  and  so  on.  It  in  therefore,  obvioat 
that  those  bricks  will  rest  closely  one  upon  the  other  with  only  a  thin  bed 
of  clay  cemAuting  them  together,  and  when  the  kiln  has  lieen  burnt  round 
once,  it  will  be  found  the  strongest  mode  of  structure  for  withstanding  the 
expannion  and  contraction  to  which  such  walls  are  exposed.  The  out8id< 
walls  are  built  in  mortar,  as  well  as  the  flues,  chimney,  and  smoke  cham- 
ber, although  in  many  cases  even  the  smoke  chamber  is  constructed  witl 
bricks  laid  in  clay. 

ArcJus. — In  turning  the  arches  of  the  chamber,  a  centre  must  be  made 
to  fit  one  chamber,  and  this  can  he  lowered  and  removed  to  the  next  cham« 
ber  in  one  piece.  At  each  end  of  the  chamber,  a  dropping  arch  is  built 
of  one  brick  projection  to  uh^truct  the  draught  along  the  top  of  the  kiln, 
while  tbey  likewise  serve  as  a  support  against  which  are  placed  the  inter- 
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Mpting  wnmgbt-iron  dampen  for  di?iding  and  sepArating  the  chamber^  ai 
fill  be  explained  below. 

MaditUum.'^Th^  maia  arch  of  the  annular  firing'chainber  ia  oo?ered 

with  a  ttratam  of  clay  from  4  to  6  inches  thick  ;  and  above  thia,  aa  well 

M  ttetween  battered  wall  and  wall  of  bnrning-chamber,  aa  well  aa  the 

fbole  space  between  homing-  chamber  and  smoke-chamber,  is  to  be  filled 

with  Mil  or  aand,  to  prevent  any  heat  from  escaping,  and  to  prevent  the 

poiiibility  of  any  damp  or  moisture  finding  its  way  within  reach  of  the 

Wii  of  the  bnming-chamber.     For  this  reason,  it  is  most  desirable  to 

eoDstroct  a  roof  over  the  kiln,  under  which  large  quantities  of  goods  can 

be  dried,  while  at  the  same  time,  it  affords  a  shelter  to  the  men  attending 

to  the  firing  of  the  kiln,  who,  exposed  to  the  changes  of  the  weather, 

Bore  particularly  during  the  night,  cannot  be  expected  to  attend  to  their 

Mm  witli  ponctuality.     If,  however,  no  roof  is  provided,  the  whole  top 

wdaM  should  be  closely  paved  on  a  thick  bed  of  mortar  or  cement,  and 

ikn  finishedi  well  grouted  with  cement,  to  prevent  the  poaaibility  of 

titer  passing  through  it,  at  the  same  time  giviug  the  surface  a  good  fail 

to  cinry  off  ail  water  falling  upon  it. 

Iim-work. — The  iron-work  for  each  kiln  of  14  chambers  consists  of 
U  raives  for  regulating  the  draught,  and  they  are  built  in,  as  shown  in 
^iaU  YIL  on  the  outlet  of  each  flue  in  the  smoke  chamber.  The 
aijostbg  lids,  when  seated,  should  rest  on  a  bed  of  sand  to  secure  an  air- 
light  joint.  From  the  centre  of  these  lids,  a  long  adjusting  rod  passes  up 
^^h  the  arch  of  the  smoke-chamber,  and  by  means  of  a  oast-iron 
pUte  and  set-screw,  it  can  be  regulated  to  any  height  required.  On 
the  nnderside  of  these  lids,  are  fixed  three  or  four  iron-bars,  forming  a 
^de  to  the  valve,  which,  on  being  lowered,  adjusts  it  properly  in  its 
plare.  Etch  firing-hole  has  an  iron-pipe  built  in  with  a  cast-iron  cap  fit- 
%  in  a  bed  of  sand  air-tight.  Of  these  280,  or  20  for  each  chamber,  are 
"^oired.  Besides  these  castings,  each  kiln  requires  two  large  intercept- 
^  sbeet-iron  dampers  as  shown  in  Plate  IX.  The  damper  is  bronght 
^  through  a  door-way  and  placed  in  its  several  partitions  one  above  the 
other,  against  the  projecting  arch,  while  in  removing  the  same,  the  top 
^^  are  lifted,  and  the  lower  parts  drawn  through  the  door-way,  and 
^f  that,  the  top  parts  are  lowered,  and  removed  iu  the  same  manner.  It 
^  ^^Ijr  for  convenience  sake  to  have  two  dampers  for  each  kiln,  that  the 
^tk  of  the  tame  may  not  be  interrupted  while  the  damper  ia  removed. 
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"Wlule  one  damper  is  pUced  aeranl  oompartments  in  front  of  the  &n, 
HGond  damper  U  plftoed  ia  front  of  tht  chan^tr  to  hefilltd;  thug  the  fl 
damper  may  be  remored  withoat  interrapting  the  draught,  as  the  see 
damper  ia  readj  to  oat  off  the  draught  in  aimilar  manaer,  alioicing  Ib^ 
waate  gaiea  to  pareoe  their  oontw  also  thrungh  thit  compartment  receal)}  A 
filled  with  green  bricks.  The  beet  method  of  placing  the  damper  b  tt 
place  ia  mote  minntely  explained  in  the  description  of  working  and  ligt 
ing  the  kilns. 

Sitting. — Ab  soon  as  the  constmction  of  the  kiln  ii^  completeil,  a  nnii) 
ber  of  fires  are  lighted  in  front  of  all  flnee  leading  to  the  chimncj,  as  well  % 
invarions  parts  of  the  burning  chamber,  for  several  days,  to  drive  d 
parliallf  the  moistnre  contained  in  the  brick-vork  and  iloor.  After  thi| 
baa  been  done,  the  next  operation  ia  setting  or  placing  the  bricks  in  tM 
kiln  ready  for  burning.  The  aetting  ia  done  in  the  nstial  way  as  adoptoi 
in  the  ordinary  kilns,  with  the  exception  that  special  care  is  reunited  tl 
form,  immediately  nnder  each  of  the  feeding  holes,  in  the  arch  of  bominj 
chamber,  {Plate  VIII.,  F^.  i),  vertical  pits  from  crovrn  of  arch  right  dovi 
to  tlie  floor,  to  allow  of  a  passage  for  the  fuel  inserted  from  abore  to  fdl 
right  down  on  the  floor.  Each  of  these  fire^boles  should  be  formed  about  IS 
inches  wide,  down  to  within  six  conrsea  from  the  floor,  trhere  tliey  should 
be  increased  to  16  inches  square,  for  the  reception  and  combuetion  of  the 
fuel.  As  in  this  ki1u  there  are  four  circular  rows  of  fire-hoWe,  conse- 
quently fonr  circular  flues  (as  shown  in  Figt.  1,  3,  8a,  Sb,)  are  to  be  formed 
along  the  floor,  connecting  one  fire-hole  with  the  one  in  advance,  as  will  | 
be  readily  understood  on  reference  to  the  annexed  drawings. 
These  flnee  form  the  passage  for  the  flame  to  travel  along  the  kihi ;  they 
are  made  four  oodiwa 
hig1i  and  are  ooTerad 
by  the  fifth  eoniaeof 
bricks.  In  case  the 
brioks  are  placed  Tery 
/i\  damp  in  the  kiln,  U  ia 

jK      JK         ^        ^  veil    to    raise    the 

height  of  these  fines  a  few  conrses,  to  allow  the  steam  sufficient  room  to 
escape.  If  the  kiln  is  in  fnll  operation,  it  is  well  to  make  the  inside  flne 
narrowest,  Bay  6  inches,  and  increase  the  width  and  height  of  the  other 
central  Sues,  as  shown  in  aketch  in  margin;  to  tiitt  the  ontaide  thMUMl, 
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being  the  widest,  say  12  inches,  and  highest,  say  24  inches  to  SO  inches, 
will  draw  the  fire  more  to  the  outside  of  the  kiln  ;  as  naturally,  the  draught 
has  a  tendency  to  pass  along  the  shortest  way  at  the  innerside  of  firing* 
chamber,  and  thus  some  difficulty  may  arise  to  keep  the  fire  proceeding 
with  the  same  rapidity  along  the  outside  flue.  Figa.  1,  2,  Sa,  Zh  illustrate 
how  the  courses  of  bricks  are  placed  alternately  one  npon  the  other. 

For  the  lowest  course  along  the  floor,  it  is  advisable  to  take  for  the  first 
time  of  burning,  burnt  bricks  instead  of  green  bricks,  as  the  steam 
from  the  floor  may  soften  the  bricks  placed  immediately  above  it,  which  be- 
ing unable  to  carry  the  weight  of  the  whole  bulk  of  bricks,  would  give 
way,  and  at  once  stop  up  the  draught  along  the  floor,  and  cause  delay  and 
annoyance.  *  This  first  course,  as  illustrated  in  Fig.  1,  is  placed  rather 
open,  (leaving  one  inch  space  between  each  brick,)  at  an  angle  from  the  in- 
side to  the  outside  wall.  The  second  course  is  shown  in  Fig.  2,  and  the 
bricks  are  placed  in  the  direction  of  the  circular  flues,  on  which  again  a 
skintle  is  placed,* ^i^.  do,  upon  which  again  the  bricks  are  set  as  in  Fig* 
1 ;  then  Fig.  85  shows  the  fifth  course  covering  up  the  central  flues.  The 
next  courses  are  again  set  alternately  as  explained  in  Fig8. 1  and  2.  The 
direction  of  every  alternate  course  should  be  changed ;  while  in  one  course 
the  length  of  the  brick  is  set  in  parallel  lines  with  the  walls  of  the  kiln, 
and  taking  the  same  onward  line  of  draught,  {Fig.  2,)  the  next  course 
above  it  should  be  at  an  angle  from  the  inside  to  the  outside  wall,  {Fig.  1). 
Thus  the  compartment  is  filled  right  up  to  the  crown  of  arch. 

In  setting,  the  workman  conmiences  at  one  end  of  the  chamber,  where 
the  large  intercepting  damper  is  placed,  and  continues  so  until  he  has  five 
chambers  filled  without  interruption.  In  the  meantime,  the  doorways  are 
built  up  with  burnt  bricks,  and  made  quite  air-tight  by  filling  in  sand  be- 
tween two  brick  walls  as  illustrated  in  Fig.  6.  The  men  having  filled 
chambers  1,  2,  3,  4,  5,  Fig.  10,  the  large  intercepting  damper  is  inserted 
through  the  door-way  of  compartment  6,  and  placed  in  front  and  across 
the  chamber  5.  This  damper  as  shown  in  Fig.  5,  consists  of  three  parts 
built  up,  and  sliding  in  each  other.  The  special  plan  in  Plate  IX.,  ex- 
plains this  damper  more  clearly,  and  further  reference  will  be  made  to  it  on 
page  77.  It  is  of  great  importance  to  place  this  damper  in  such  a  position 
that  it  forms  an  absolute  air-tight  division,  as  no  air  should  be  allowed  to 
enter  at  any  place,  nor  the  heat  escape.  The  same  care  is  to  be  token 
with  the  door-ways,  which  should  be  daily  inspected  several  times. 
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In  the  meantime,  while  this  is  done,  the  chambers  7,  8,  9, 10  and  11  are 
filled  with  green  bricks,  as  has  been  done  with  1  to  5  inclusive,  and  a  second 
intercepting  damper  introduced  through  the  door- way  12,  is  placed  across, 
and  in  frontof  chamber  11,  Mg.  10,  made  air-tight  as  well  as  all  the  door- 
ways leading  to  compartments  7,  8,  9,  10,  II.  It  may  be  here  proper  to 
observe  that  it  is  desirable  to  fill  the  kiln  for  the  first  time  of  burning  at 
least  with  bricks  as  dry  as  obtainable,  as  the  new  construction  contains  so 
much  moisture,  which  is  to  be  got  rid  of  gradually,  and  excess  of  steam 
from  bricks  and  building  may  injure  the  bricks  to  be  burnt  materially. 

Lighting, — In  chamber  No.  12,  in  front  of  chamber  No.  1  (  Fig.  10  ). 
as  well  as  in  chamber  No.  6  in  front  of  chamber,  No.  7,  temporary  walls 
are  to  be  built  across  the  section  of  burning  chamber,  as  explained  in  detail 
in  Fig.  8,  provided  with  four  common  kiln  fires,  Figs*  8  and  9,  corres- 
ponding with  the  four  central  flues  formed  in  the  setting  of  the  bricks 
along  the  floor.  The  valves  in  the  smoke  chamber  Nos.  5,  4,  3  and  II, 
10,  9  are  to  be  opened  entirely,  while  all  others  remain  closed,  bedded  air- 
tight in  sand.  Fires  may  now  be  lighted  in  the  two  walls,  respectively,  or 
in  the  eight  permanent  fire-places  between  chambers  12  and  1  and  6  and 
7.  These  fires  are  kept  very  low  for  48  hours  at  least,  after  which  time 
they  may  be  gradually  raised  for  another  48  hours,  until  after  about  fire 
days,  the  fires  must  be  kept  up  to  their  yvtZ/  intensity.  Of  coutse  aU  the 
caps  covering  the  feed  pipes  in  the  arch  are  to  be  kept  quite  closed,  and 
bedded  air-tight  in  sand.  Hie  first  sign  of  the  fire  taking  efiect,  is  a  to- 
lume  of  steam  escaping  the  chimney.  If  too  much  steam  is  created,  which 
can  easily  be  ascertained  by  lifting  a  few  caps,  out  of  which  the  steam  will 
evolve  in  large  dense  masses,  such  caps  may  be  kept  open  for  awhile,  as 
this  is  a  sign  that  the  chimney  is  not  able  to  draw  off  the  volume  of  steam 
as  rapidly  as  it  is  created  through  the  effect  of  the  fire. 

If  too  much  steam  is  confined,  the  bricks  become  soft,  and  in  many  cases, 
the  lower  courses  not  being  able  to  carry  the  weight  of  the  bricks  above 
them,  they  give  way,  and  thus  interrupt  the  draught  along  the  floor,  while 
many  bricks  will  be  spoiled  and  unfit  for  use.  In  this  way  the  fire  is  kept 
up  from  the  temporary  walls,  until  the  bricks  in  the  compartments  near 
the  intercepting  dampers  of  chambers  5  and  11  are  pretty  well  dry,  which 
may  be  ascertained  from  the  quantity  of  steam  escaping  by  the  chimney, 
which  should  be  very  little  for  about  fire  or  six  days,  making  in  all  about 
10  or  11  days.     Now  the  fires  in  the  temporary  wall  between  chambers  7 
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ind  6  are  extinguished :  chamber  6,  which  has  been  empty,  is  filled  with 
gieen  bricks,  as  dry  as  they  are  obtainable,  with  the  least  possible  delay,  as 
loon  as  men  are  able  to  set,  after  having  removed  the  temporary  wall. 

The  chamber  6  thus  being  filled,  the  damper  separating  compartment  5 
from  6  IS  removed,  the  door- way  of  chamber  6  built  up  and  made  aiivtight, 
the  Tftlves  3,  4  and  5  are  closed  carefully,  not  to  allow  any  air  to  escape, 
nor  to  enter  the  kib,  while  the  valves  9,  10,  11  remain  wide  open,  and  the 
fire  it  the  temporary  wall  12  is  increased  to  the  greatest  possible  intensity. 
Ab  soon  as  the  chamber  1  is  hot  enough^  the  burning  is  assisted  by  throw- 
ing in  fuel  Uirough  the  feed-holes  near  the  temporary  wall ;  if  the  fuel 
readuDg  the  floor  ignites^  continue  to  do  so  through  the  first  and  second 
row  of  feed-holes;  and  through  the  fires  from  the  temporary  wall,  as  well 
as  from  above.    As  the  heat  proceeds,  the  firing  likewise  proceeds  at  the 
Bune  rate  from  above,  and  as  soon  as  the  fire  reaches  chamber  8,  the  fire 
in  the  temporary  wall  is  decreased,  and  a  little  air  is  allowed  to  enter  at 
the  permanent  wall,  by  taking  a  few  bricks  out  of  it  from  under  the  arch. 
As  soon  as  the  fire  has  advanced  as  far  as  chamber  4,  the  valve  of  cham- 
ber 9  may  be  closed,  the  fires  in  the  temporary  walls  put  out,  the^re- 
plamfiUed  up,  a  larger  opening  formed  in  the  upper  part  of  the  temporary 
wall  for  access  of  air ;  and  when  the  fire  has  reached  chamber  7,  the  tem- 
ponry  wall  at  1  may  be  quite  removed,  allowing  the  air  entering  through 
the  door-way  of  12,  free  access  to  cool  the  burnt-bricks  in  1.     As  soon  as 
the  fire  has  advanced  as  far  as  8,  chamber  1  is  emptied  of  burnt-bricks, 
dumber  12  filled  with  green  bricks,  and  the  intercepting  damper  removed 
from  12  to  1.     The  valve  10  is  closed,  and  12  opened,  after  having  tlie 
door-way  of  12  built  up  air-tight  as  illustrated  in  Fig.  6.     Now  the  kiln 
is  m  working  order,  and  the  fire  will  advance  every  day  along  one  cham- 
ber ;  therefore  one  chamber  is  daily  to  be  drawn,  and  one  chamber  to  be 
filled,  the  large  intercepting  damper  being  removed  and  advanced.     One 
valve  is  closed  every  day,  and  one  in  advance  is  opened,  thus  it  is  foimd 
expedient  to  have  generally  two  valves  open.     If,  however,  the  kiln  is  very 
drj,  and  the  bricks  placed  in  tha  kilns  quite  air-dry,  it  will  often  be  found 
sufficient  to  open  only  one  valve  at  a  time.    It  ia  not  necessary  to  leave 
tht  whole  chamber  (6)  empty,  as  the  temporary  wall  may  just  as  well  be 
bniJt  as  shown  in  dotted    lines  nearer  the  damper  Fig,    10,  and  the 
l^e  place  left  may  sooner  be  filled  or  left  half  filled;  that  is,  the  bot- 
tom part  to  guide  the  flume,  while  the  top  part  may  remain  empty, 
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which  would  ponnit  a  shorter  interruption  of  the  working  of  the  kiln. 
Of  course,  while  the  temporary  wall  is  drawn  and  chamber  (6)  sot,  the 
dampers  or  ?alves  10  and  11  should  be  almost  closed,  so  as  not  to  draw 
in  more  cooling  air  than  is  necessary  to  enable  the  workmen  to  operate  on 
chamber  (6). 

The  fire  on  the  kiln  should  always  extend  over  at  least  ten  rows  of  feed- 

holesj  and  as  soon  as  the  row  in  advance  is  ready  to  ignite  the  fuel  at  the 

bottom,  one  row  in  the  rear  is  left  off  firing,  and  thus  it  regulates  itself. 

It  is  very  important  to  feed  at  regular  intervals,  to  arrive  at  the  utmost 

saving  in  fuel  and  regularity  in  burning.     Presuming  there  are  nine  rows 

of  holes  to  be  fired,  each  hole  should  be  fed  at  intervals  of  15  minutes : — 
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At  the  full  hour,  row  Nos.  1,  4,  7  are  to  be  supplied  with  fuel, 
Five  minutes  past  the  hour,        Nos.     2,     5,     8, 
Ten        „        „  „  ,,      3,     6,    9, 

Fifteen  „        „  „     again     „       1,    8,    7, 

and  so  on.  If,  sometimes,  it  should  be  found  some  feed-holes  require 
no  supply,  the  fuel  not  being  sufficiently  consumed,  they  may  be  left  out, 
but  this  will  scarcely  happen  if  the  firing  is  attended  to  regularly. 

It  may  be  well  to  describe  the  working  of  the  kiln  in  a  few  words  to  un- 
derstand and  appreciate  the  principle  thoroughly.  The  cold  air  can  only 
enter  the  annular  chamber  through  two  door-ways,  viz.y  one  for  drawing, 
and  one  for  removmg  the  bricks.  As  it  proceeds  onwards  in  its  line  of 
draught  to  the  chimney,  it  enters  the  first  of  the  now  cooling  chambers, 
by  which  it  is  warmed.  As  it  percolates  amongst  the  bricks  in  the  second 
chamber,  its  temperature  is  considerably  raised ;  through  the  third,  it  attains 
a  high  burning  heat ;  and  in  the  fourth,  it  reaches  a  glowing  heat  almost 
as  high  as  the  burning-bricks.  With  its  temperature  thus  raised,  it  now 
passes  the  two  burning  compartments  supplied  with  fuel,  and  mixing  with 
the  hot  gases  from  the  fire,  perfect  combustion  in  close  contact  with  the 
goods  is  the  result.  Passing  on  from  the  burning  chambers,  it  passes  the 
7th,  in  which  the  bricks  are  absorbing  the  waste  heat,  and  they  aro 
brought  to  a  low  red  heat  before  any  fuel  is  supplied ;  the  8th  chamber 
is  warmed  to  a  good  heat,  the  9th  is  dry  and  warm,  while  the  10th  is 
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steaming  and  drying  off;  while  the  moist  gases  and  products  of  combusn 
tion  of  a  low  temperature  escape  into  tlie  chimney. 

The  only  skill  required  of  the  fireman  is  to  judge  when  ho  has  arrived  at 
sufficient  heat,  and  this  he  can  easily  learn  by  looking  through  any  of  the 
feed-holes,  while  he  can  retard  or  quicken  the  progress  of  the  fire  by  clos- 
ing or  lifting  one  or  more  valves.  He  will  require  a  strong  draught  when 
a  new  chamber  is  added,  for  8  or  10  hours,  while  after  that  time  for  the  re- 
maining 14  hours,  sometimes  one  valve  open  will  be  found  sufficient.  Par- 
ticular care  is  to  be  taken  to  have  the  caps  of  feed-pipes  always  well 
screwed  down  in  the  sand ;  to  see  that  the  intercepting  damper  does  not 
admit  any  air ;  to  examine  all  closed  valves,  that  they  are  bedded  well  in 
sand ;  and  frequently  to  inspect  the  built-up  door- ways,  that  they  may 
prevent  any  cold  air  from  entering  the  kiln.  The  attendant  should  fre- 
quently go  into  the  smoke  chamber,  and  inspect  the  valves  to  see  whether 
they  close  air-tight  in  a  bed  of  sand,  which  he  can  soon  learn  from  a  whistl- 
ing noise,  or  by  moving  a  candle  round  the  seat.  For  this  purpose,  a 
manhole  should  be  provided  to  allow  access  to  the  valve  chamber. 

In  wing  coal  for  fuel,  the  fireman  has  a  small  hook  and  scoop,  the 
one  for  handling  the  feed-cap,  and  the  other  for  supplying  coal.  He 
should  not  keep  the  cap  longer  off  the  feed-pipe  than  is  just  required 
to  supply  the  coal  with  his  other  hand,  and  he  should  insert  a  very 
little  at  a  time,  perhaps,  |  pounds,  jnstj  enough  to  bum  away  dur- 
ing the  15  minutes  rest.  If  too  much  fuel  is  supplied,  the  central  flues 
will  be  stopped  up  through  the  accumulation  of  incandescent  fuel,  and 
the  result  would  be  an  increase  of  heat  at  this  particular  place,  melt- 
ing the  bricks,  partly  cutting  off  the  draught,  and  thus  interrupting  the 
regular  working  and  progress  of  fire,  besides  causing  a  waste  of  bricks.  If 
required  to  retard  or  even  stop  the  progress  of  the  fire,  the  valves  in  the 
smoke-chamber  must  be  almost  closed,  only  leaving  one  valve  about  one 
inch  open  to  prevent  a  back  draught.  The  fireman's  duty  is  therefore  to 
feed  at  regular  intervals,  and  keep  the  kiln  everywhere  lur-tight,  so  that 
no  cold  air  is  allowed  to  enter  except  through  the  two  open  door-ways ; 
and  he  will  have  no  difficulty  in  burning  sound  bricks  rapidly. 

Plate  IX.,  explains  the  construction  of  the  intercepting  damper  in 
detail.  The  damper  consists  of  three  iron-plates  A,  B,  C,  one  placed 
above  the  other ;  against  the  drop-arch  D,  is  a  shore  in  which  the  several 
pieces  slide,  while  the  damper  is  being  removed.      For  removing  the 
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damper,  little  crabs  are  applied  to  raise  the  upper  plates,  while  the  lower 
ones  are  withdrawn. 

The  iron- work  for  each  kiln  of  14  chambers  consists  of  :-— 
280  sets  of  feed-pipes  and  caps. 
14  30-inch  valves. 
2  large  intercepting  dampers. 

4  sets  of  feed-pipes,  and  1  valve  of  30-inch  diameter  are  sent 
as  reserve  pieces. 

48.  Colored  bricks.  The  subject  of  Colored  Bricks  will  be  treated 
of  under  the  following  headings : — 

1.— Terra  Cotta. 

2. — Coloring  bricks,  &o.,  by  mixing  certain  coloring  matters  with  the 
clay. 

3. — Coloring  bricks  &c.,  by  dipping  them  in  a  coloring  liquid  after  they 
are  burnt. 

49.  Terra  Cotta. — This  is  the  term  applied  to  a  material  very  ex- 
tensively used  in  £nglaud  for  ornamental  work  of  various  kinds,  such 
as  cornice  mouldings,  vases,  statuary ;  and  for  many  similar  purposes,  as 
a  substitute  for  carved  stone  work. 

It  consists  of  a  superior  description  of  earthenware,  prepared  and  burned 
in  much  the  same  way  as  bricks  or  tiles,  but  with  greater  care  and  nicetyi 
both  as  regards  the  selection  and  preparation  of  the  clays  used,  and  also 
in  the  mode  of  burning. 

The  principal  feature  in  the  material  however  is,  that  it  always  contains 
a  certain  proportion  of  ground  glass  or  pottery  ware,  or  of  both.  This 
material  has  the  effect  of  reducing  the  shrinkage  of  the  brick,  &c.,  in 
burning,  and  also  of  making  it  unusually  hard  and  impervious  to  water,  so 
that  it  stands  the  effects  of  any  weather  better  than  most  kinds  of  stone. 

The  clay  for  this  kind  of  material  is  prepared  with  great  care,  and  so  it  is 
also  for  all  kinds  of  ornamental  bricks  and  tiles.  It  is  sifted  in  a  dry  state, 
and  then  mixed  in  large  tubs  with  a  great  quantity  of  water,  being  worked 
about  with  spades  or  similar  tools,  the  ground  gloss  or  pottery  ware  being 
mixed  with  it  as  thoroughly  as  possible.  It  is  then  lifted  out  and  placed 
in  large  rough  wooden  boxes,  with  joints  sufficiently  open  to  allow  the 
water  to  run  ofi.  When  this  has  drained  off,  and  the  clay  become  dry 
enough  for  the  pug  mill,  it  is  passed  through  it  several  times,  and  is  then 
fit  for  the  moulders'  table. 
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The  following  aro  tho  details  of  mixtiiro  for  different  classes  of  terra 
cotta  in  use  in  England : — 

No.  1 .     For  best  class  of  large  goods. 

10    Bushels  of  Devonshire  clay. 

5  ^  crushed  pottery  ware,  white. 

2  y,  ground  glass  {common  bottlci.) 

2  ^  white  sand,        j  .*   ,   r      *         i  wi 

1  „  calcined  flint,    J  may  be  omitted  if  not  available. 

Shrinkage  |>inch  to  the  foot.     Time  of  burning,  from  5  to  G  days.* 

No,  2. — For  architectural  purposes. 

10    Bushels  of  Dorsetshire,  or  Poole  clay. 

4  „         crushed  pottery. 

1  M         crushed  glass  (common  bottlesJ) 

1  M         white  sand,  )  ,         ...   , 

,  .     ,  «.  1  may  be  omitted. 

1|  „         calcined  flint,      ) 

Shrinkage,  |-inch  to  the  foot.     Time  of  burning,  from  4  to  5  days. 

No.  3. — For  architectural  purposes. 

8    Bushels  of  red  clay  from  Evorton  in  Surrey,  or  London  clay. 

8  „  crushed  pottery, 

2  „  white  sand. 

1  M  ground  glass. 

According  to  color  required,  add  a  portion  of  red  ochre  and  burnt  umber. 
Shrinkage  |-inch  to  the  foot.     Time  of  burning,  about  4  days. 

No.  4. — For  red  flooring  bricks  (and  tiles.) 
12    Bushels  of  red  clay. 

5  ^  Band. 

2  „  crushed  pottery  or  vitrified  brick. 

Shrinkage,  1  inch  to  the  foot.     Time  of  burning,  about  4  days. 

No.  5.    For  roofing  tiles. 

9  Bushels  of  red  clay. 
5         M  Band. 

Shrinkage  and  time  of  burning,  the  same  as  for  No.  4. 

Hie  pottery  ware,  used  as  above,  is  not  crushed  to  a  very  fine  powder, 

bat  is  reduced  rather  to  a  gritty  state.    The  glass  on  the  other  hand,  is 

reduced  to  a  fine  powder. 

•  The  time  required  for  tmmlng  these  speclmenB,  as  noted  for  each,  ia  the  time  neoeesary  after 
the  kiln  has  heen  fairly  heated,  and  all  moietore  driven  ufl  from  the  goods.  This  wiU  require  a  gen- 
tle firing  of  foor  or  five  dnys,  and  when  all  sign  of  steam  from  the  Uln  ceases,  the  firing  is  oontino- 
ed  Tigoronsty  then  for  about  foor  or  five  days  longer,  till  the  goods  are  snlBcieiitly  bnmed. 

Jk€  farther  remarks  under  the  head  of  Burning, 
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50.  Coloring  op  Bricks. — Tlierc  arc  two  methods  in  use  for  ibis 
purpose ;  one,  by  mixing  certain  coloring  matters  with  the  clay  before 
burning,  and  another  by  dipping  the  brick  in  a  coloring  liquid  after  it  is 
burnt. 

The  first  method  may  bo  adopted  when  the  coloring  matter  is  avail- 
able in  sufficient  quantity,  and  is  not  too  expensive,  but  the  second  method 
is  particularly  well  adapted  for  expensive  colors,  and  admits  of  a  great 
variety  of  colors  being  produced  at  comparatively  little  cost,  and  with  littlo 
risk  of  failure  or  trouble. 

The  following  three  cases  come  under  the  head  of  the  first  method. 

1. — To  make  brown  or  stone  colored  clay  into  a  light  red  when  Immcd. 

Take  C  bushels  of  clay. 
„     1        „  yellow  ochre. 

„     1        „  red  brick,  or  soorkee. 

Mix  together  and  put  through  pug-mill,  as  described  above. 

2. — To  give  a  yellow  color  to  bricks. 

For  bricks  of  this  color,  the  clay  should  bo  of  tho  kinds  known  a9 
Bedfordshire,  Dorsetshire  or  Suffolk  clay ;  but  the  yellow  color  will  be 
increased,  or  produced  from  red  clay  even,  by  adding  red  ochre,  and  crash- 
ed yellow  brick  and  pottery  ware,  it  available. 

8. — For  best  blue  bricks,  (or  tiles.) 

1    Bushel  of  ground  flint. 
1  „        best  fine  clay  sifted, 

I  „        ground  glass  {common  bottles.) 

SI  „        French  nitramarino. 

Mix  well  together,  and  put  through  pug-mill  as  before. 

Note. — This  mixture  and  the  next  are  rather  intended  for  plain  flooring  tiles,  or  for 
filling  in  the  colored  portions  of  a  pattern  in  an  ornamental  tile,  than  for  bricks. 

Bricks  for  these  colors  can  be  obtained  more  suitably  by  dipping  in  a  coloring 
liquid,  as  explained  further  on. 

Some  coloring  matters  change  their  colors  when  exposed  to  great  heat :  for  in- 
stance, red  ochre  bums  yellow,  and  yellow  ochre  bums  red. 

The  following  retain  their  colors  though  exposed  to  white  heat — French  ultrama- 
rine, light  red,  and  Indian  red. 

4.     For  black  h  icks  (or  tiles.) 

1  Bushel  of  any  clay,  not  red, 

1|       II  ground  cinders,  not  very  fine, 

2  „  manganese. 

If  for  best  work,  such  as  terra  cotta,  add 

1    Bushel  of  ground  black  glass. 
Mix  and  put  through  pug-mill,  as  before. 
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Blue  Bricks, — The  color  of  the  famous  Staffordshire  blue  bricks  appears 
to  be  due  to  the  iron  that  is  in  the  clay  naturally,  but  the  bricks  assume 
the  blue  color  only  if  subjected  to  a  very  great  heat  in  the  kiln.  If  burned 
to  a  certain  pitch,  they  become  red,  like  ordinary  bricks,  but  if  the  fire  be 
increased  and  continued  for  about  twenty-four  hours  longer,  th«  color 
changes  into  a  very  dark  blue,  or  nearly  approaching  a  black. 

It  is  usual  also  to  throw  from  two  to  three  shovels  full  of  common  salt 
into  each  furnace,  just  before  the  fires  are  allowed  to  die  out.  This  has  tho 
effect  of  producing  a  glazed  surface  upon  the  bricks. 

They  are  much  used  for  pavements  in  the  side  walks  of  the  streets,  as 
well  as  in  buildings,  and  stand  the  heavy  wear  well. 

In  moulding  them,  the  dry  moulding  system  is  used,  but  instead  of  sand 
for  sprinkling  the  mould,  they  use  a  material  known  among  the  people  as 
"  swarf."  This  is  merely  the  dust  which  collects  from  the  grinding  of 
edge-tools,  and  such  like,  and  which  can  be  had  in  considerable  quantities 
in  those  localities.  This  dust  helps  to  intensify  the  color  of  the  brick,  and 
in  fact  produces  a  kind  of  surface  of  iron  matter  upon  the  brick.  But 
independent  of  it,  there  is  sufficient  iron  in  the  clay  to  produce  the  color, 
provided  the  brick  be  burned  sufficiently.  Other  clays  will  not  stand  the 
great  heat  necessary  for  these  bricks. 

5L  The  second  method  of  Coloring^  by  Dipping^  is  a  very  simple 
process,  and  bricks  or  tiles  colored  in  this  way  will  stand  any  amount  of 
exposure  to  the  weather  without  losing  their  color.  There  is  another 
good  result  from  coloring  in  this  way,  the  surface  of  such  a  brick  will 
never  take  on  any  vegetable  matter  when  exposed  to  a  damp  atmosphere. 

The  materials  used  for  the  coloring  liquid  are — Turpentine — linseed 
oil — and  litharge ;  with  coloring  matter  as  may  be  required. 

An  earthenware  box  is  provided,  a  few  inches  larger  each  way  than  a 
common  brick,  and  it  is  half  filled  with  a  red  liquid  of  about  the  consis- 
tency of  thick  cream. 

The  bricks,  &c.,  to  be  colored  arc  laid  upon  an  iron  plate,  with  a  fire  un- 
derneath. The  place  may  be  large  enough  to  contain  a  couple  or  three 
score  of  bricks.  The  bricks  are  heated,  not  to  a  great  heat,  but  too  great 
to  admit  of  their  being  handled. 

They  are  then  taken,  one  at  a  time,  and  dipped  into  the  liquid  in  the 
box  for  a  few  seconds,  then  placed  on  a  table  to  dry,  which  they  do  in  a 
few  minutes.     They  are  then  taken  and  slightly  washed  with  the  hand 

VOL.  I. THIRD  EDITION.  M 


82  B'EICSS* 

•or  a  bit  of  rag,  in  a  trough  of  cold  water,  and  placed  aside  to  dry.  Ttiis 
•completes  the  whole  process. 

If  the  brick  be  open  and  porous,  such  as  any  common  brick  is,  the  color- 
ing matter  will  penetrate  about  one-eighth  of  an  inch  ;  but  for  bricks  con- 
taining a  portion  of  glass  and  crockery,  such  as  terra  ootta,  the  coloring 
matter  will  not  penetrate  so  far.  However,  in  either  case  the  color  given 
io  the  brick  is  thoroughly  pucka  and  lasting. 

The  following  are  the  proportions  used  for  some  of  the  colors :— • 

1.  For  dark  red  bricks, 

1^  pints  of  tarpentine. 
1^       M      linseed  oil. 

I  pound  of  litharge 

4  onnce  of  India  red» 

Mix  well  together  and  use  as  explained  above. 

2.  Far  blue  bricks, 

1    pint  of  turpentine. 
X        „      linseed  oil. 
H  onnce  of  litharge, 
1    pound  of  French  ultramarine, 

Mix  and  use  as  above. 

3.  For  black  bricks. 

2  onnccs  of  litharge. 

6      ^  manganese. 

4      „  linseed  oil,  boiled. 

C      „  tm*pentine. 

4.  For  grey  bricks. 

3  onnccs  of  white  lead. 
1      „        litharge. 

1  „        manganese. 

2  „        boiled  linseed  oil. 

4  „        turpentine. 

From  these  specimens  it  will  be  seen  that  any  color  may  be  produced, 
the  fundamental  items  being  the  litharge,  turpentine  and  oil. 

Coloring  materials  could  be  had  in  great  variety  in  India,  in  any  bazar 
almost. 

If  a  brick  be  dipped  in  one  of  the  above  liquids,  and  again  exposed  to  a 
great  heat  it  will  become  glazed, 

Tliese  coloring  liquids  are  sometimes  used  where  the  brick  cannot  either 
be  dipped  or  heated  conveniently,  as  in  the  case  of  bricks  already  built 
into  a  waU.    In  such  a  case  the  bricks  are  carefully  cleaned,  and  the  liquid 
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heated  and  laid  on  with  a  brnsh.     It  does  not  penetrate  the  brick  so  well 
this  way,  bat  the  color  stands  the  effects  of  the  weather  remarkably  well. 

52.  Burning. — The  buming  of  terra  cotta  goods  of  all  kinds,  includ- 
ing ornamental  bricks,  has  to  be  managed  with  great  care  and  nicety ;  bat 
there  is  one  pecaliarity  in  the  operation  without  which  the  uniformity  of 
color  necessary  for  such  goods  could  not  be  attained.  The  goods  are  com- 
pletely enclosed  in  a  case  of  fire  brick,  or  muffle  as  it  is  called — and  the- 
fire  is  not  allowed  to  come  in  contact  with  them  in  any  way. 

The  accompanying  plan  of  the  kiln  will  show  the  nature  of  the  arrange- 
ment. (Plate  X). 

The  inner  face  of  the  main  walls  and  th«  muffle  are  of  fire  brick,  and 
the  muffle,  as  will  be  observed,  forms  a  complete  shell  inside  of  the  kiln. 
The  muffle  has  a  thin  arched  floor,  under  which  the  fires  play,  and  between 
the  walls  of  the  muffle  and  the  walls  of  the  kiln,  there  are  small  open 
spaces  left,  so  as  to  allow  the  heat  from  the  furnaces  to  circulate  completely 
round,  and  above  the  muffle.  It  has  an  arched  top  also,  and  corresponds 
with  the  general  form  of  the  kiln.  The  space  between  the  muffle  and  the 
walls  of  the  kiln  is  about  four  inches,  but  at  the  top  it  is  about  a  foot. 

The  goods  are  arranged,  rather  openly,  inside  of  the  muffle,  and,  in  the 
case  of  articles  that  would  be  likely  to  get  injared  from  having  others 
placed  upon  them,  it  is  usual  to  make  slight  and  temrporary  pillars  of  fire 
brick,  as  may  be  required^  in  the  body  of  the  kiln ;  and  on  these,  broad 
slabs  of  the  same  material  are  placed  for  the  support  of  the  various  articles 
to  be  burned. 

The  whole  weight  of  the  goods  rests  upon  the  arched  floor  of  the  muffle, 
and  as  this  floor  must  be  thin  enough  to  allow  the  heat  from  the  furnaces 
underneath  to  pass  through  it  readily,  and  strong  enough  to  support  the 
weight  of  the  goods,  the  difficulty  is  met  by  constructing  a  series  of  ribs 
in  the  arch,  of  greater  depth  than  the  floor  generally.  These  ribs  are  at 
intervals  of  about  6  inches. 

To  allow  the  heat  to  penetrate  as  easily  as  possible,  the  walls  and  top 
of  the  muffle  are  constructed  of  brick-on-edge. 

The  plan  of  a  portion  of  the  main  wall  of  the  kiln  and  the  muffle  wall 

is  like  the  rough  sketch  in  the  margin; 
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mmmmmmf''"'"''''""'''''^''''*     „p  tJirough  the  spaces  marked  a.    The 
arched  roof  of  the  muffle  abuts  upon  the  main  waU. 
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Tho  mam  walls  of  iho  kiln  are  clamped,  and  held  together  bj  stroog 
iron  bands.  There  is  one  that  goes  all  ronnd  it,  ap  near  tho  top,  where  tht 
arches  of  the  kiln  and  mnfiSe  spring  from,  and  there  are  upright  cast-iion 
ribs  at  each  comer,  connected  with  iron  rods  running  along  the  masonrf 
of  the  main  walls.  The  expansion  and  contraction  of  these  iron  bands 
cause  the  walls  to  crack  a  good  deal,  but  the  iron  holds  them  togethari 
and  they  would  not  stand  without  this  support. 

The  kiln  is  filled  and  emptied  at  the  door  shown  at  the  back. 

When  filled,  this  door — ^first  the  muffle  and  then  the  main  wall — is  baiU 
up,  but  there  is  an  earthenware  pipe  built  into  tho  masonry  nearly  perpen* 
dicular  to  the  face  of  the  wall,  and  through  this  pipe,  the  steam  from  the 
damp  goods  escapes  during  the  first  three  or  four  days  of  the  firing.  It 
serves  also  as  an  opening  for  observing  the  state  of  the  goods  during  the 
burning,  and  it  is  usual  to  place  a  few  pieces  of  material  to  be  burned, 
made  into  the  form  of  rings  near  the  inner  end  of  the  pipe.  One  of  these 
rings,  or  proofs  as  they  are  called,  can  be  drawn  out  at  any  time  with  an 
iron  rod,  so  as  to  observe  the  progress  of  the  burning.*  A  common  blaek 
bottle  is  generally  placed  also  near  the  proof  a,  and  when  it  melts  and  sinks 
down  into  a  shapeless  mass,  the  burning  may  be  considered  about  done. 

When  finished,  the  whole  of  the  furnaces  and  other  openings  are  cave- 
fully  closed  up  and  roughly  plastered  with  clay,  and  the  kiln  left  to  oool 
for  a  week  or  so,  after  which  the  door  may  be  opened,  and  the  goods  taken 
out  when  cool  enough  to  be  handled. 

If  goods  of  different  colors,  such  as  white  clay  and  red  clay,  be  placed 
close  together  in  the  kiln,  they  will  mutually  tinge  each  other ;  that  is  the 
red  goods  will  receive  a  tinge  of  white,  and  the  white  ones  of  red. 

63.    Moulding. — All  terra  cotta  work  and  ornamental  bricks  are  mould* 

ed  in  plaster  of  Paris  moulds.    The  pecu- 
liarity of  these  moulds  will  be  understood 


*  represents  a  section  throagh  the  mould. 

Tho  outer  shell  of  the  mould  is  represented  by  the  part  marked  5,  and 
there  are  four  separate  pieces  marked  a,  two  side,  and  two  end  pieces ;  e 
represents  the  clay  of  the  brick. 

Tho  clay  is  very  carefully  pressed  into  the  mould  with  the  hand,  first 

*  Any  kind  of  fuel  that  will  bum  briskly  will  answer  for  tho  kiln.    Both  coal  and  coke  ara  need 
in  England ;  bat  wood  would  ^o  quite  well. 
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round  the  edges,  and  then  in  the  centre,  and  the  clay  is  nscd  in  a  stifTer 
state  than  for  ordinary  brick  moulding.  When  the  mould  has  been  pro- 
perly filled  and  finished  off  at  the  top,  it  is  usual  to  scoop  out  two  or 
three  holes  in  the  brick  with  a  scoop -shaped  hand  tool.  The  object  of 
this  is  to  facilitate  the  drying  and  burning  of  the  brick.  These  holes  also 
are  useful  in  unloading  the  kiln  should  the  bricks  be  too  hot  to  handle,  as 
they  may  then  be  pulled  out  with  a  hooked  iron  rod ;  and  they  give  a  hold 
to  the  mortar  in  the  masonry. 

To  take  the  brick  out  of  the  mould,  a  small  board  is  placed  on  the  top 
of  it,  and  the  whole  inverted.  Tlie  part  5,  is  then  lifted  off,  and  the  side 
and  end  pieces  removed.  By  this  arrangement,  there  is  no  risk  of  spoiling 
the  shape  of  the  brick,  as  there  would  be  in  the  ordinary  method  of  brick 
moulding. 

54.  Grinding  Mill. — This  is  an  important  article  in  all  work  of  the 
kind  referred  to  in  the  foregoing  pages.  The  accompanying  drawing  re- 
presents one  of  the  best  description  of  this  kind  of  machine. 

The  two  cylinders  are  of  cast-iron,  and  weigh  from  1^  to  2  tons  each* 
Their  faces  are  covered  in  with  cast-iron  plates  flush  with  the  flange,  to 
prevent  the  latter  from  lifting  up  the  material  being  ground. 

The  cylinders  work  in  a  large  cast-iron  pan,  which  contains  the  glass, 
crockery  ware,  or  other  material  to  be  ground. 

The  thin  curved  pieces  attached  to  the  chains,  drag  through  the  material 
and  prevent  it  from  getting  caked  under  the  cylinders. 

The  grating  looking  piece  in  the  bottom  of  the  pan  is  for  the  puiposo 
of  emptying  it,  by  letting  the  material  pass  down  when  ready.     The  piece 
slides  inwards  a  little,  by  means  of  a  lever  handle,  till  the  slits  in  the  piece 
correspond  with  similar  ones  in  the  bottom  of  the  pan. 
It  takes  about  two  horse-power  to  work  one  of  these  mills. 
The  drawing  requires  no  farther  explanation. 
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TILES. 

55.  Tiles  arc  of  tbree  kinds — Roofing-tiles,  Flooring-tiles,  and 
Drain-tiles.  Tiles  require,  if  possible,  more  care  in  construction  than 
bricks,  as  from  their  greater  delicacy  they  are  more  liable  to  derangement. 
The  clay  should  be  much  stronger  than  for  bricks,  very  little  sand  being 
used,  and  that  only  for  the  very  plastic  kind.  No  ashes,  chopped  straw, 
Baw-dust,  or  any  other  foreign  substance  can  be  admitted.  The  best  clay 
will  generally  be  found  below  the  brick  soil,  and  the  blue  cfay  is  particu- 
larly good  for  tile-making ;  the  same  previous  preparation  of  the  clay,  and 
the  same  mode  of  working  and  tempering  is  necessary ;  and  the  more  effect- 
ually to  render  its  state  uniform  and  yielding,  so  that  in  moulding  it  to 
the  various  forms  required,  it  may  not  crack,  the  pug-mill  should  be 
employed,  from  whence  the  clay  should  be  removed  to  sheds  under  which 
the  moulding  is  conducted. 

Patterns  in  wood  of  the  exact  form  of  the  tiles  to  be  made,  should  be 
given  to  the  moulders,  as  well  as  forms  on  and  in  which  they  are  to  mould 
the  tiles,  which  will  of  course  vary  with  the  kind  required,  and  should  be 
of  hard-seasoned  wood  of  the  simplest  construction,  and  not  liable  to  warp. 
These  are  the  more  necessary,  and  their  use  should  be  enforced,  to  prevent 
a  common  practice  of  the  natives  of  sticking  on  strips  of  clay  to  the 
edges  of  a  flat  or  sole  piece  to  form  the  raised  sides,  which  can  be  broken 
off  by  the  flnger  and  thumb  when  burnt.  They  should  be  made  in  one 
piece  by  the  aid  of  a  mould  for  the  purpose,  the  edges  being  either  turned 
up  over  a  square  edge,  or  worked  into  the  sole,  and  the  upper  edge  trim- 
med with  an  iron  tool.  The  drying  should  be  entirely  in  the  shade  in  the 
hot  weather,  as  from  being  thin,  the  tiles  will  warp  if  exposed  to  the  sun ; 
great  care  should  be  observed  in  laying  them  out  to  dry,  and  when  set 
firm,  80  to  arrange  them  on  edge  that  the  air  may  have  access  to  all  their 
surfaces.  A  fence  should  encircle  the  drying  sheds  to  keep  out  dogs  and 
stray  cattle. 
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There  is  not  a  material  in  use  in  India  that  requires  more  attention  to 
improve  it  than  the  tile.  The  present  almost  universal  kind,  is  light, 
porous,  and  absorbs  water,  is  subject  to  be  displaced  by  high  wind  or  birds, 
and  in  the  attempt  to  repair  one  of  these  biscuit-like  tiles,  a  man  in  as- 
cent and  descent  cracks  twenty  more.  They  are  besides  hardly  weather- 
proof, and  cannot,  except  in  combination  with  that  combustible  and  perish- 
able material,  grass,  reduce  the  interior  of  a  building  to  a  habitable  temper- 
ature, whilst  their  diminutive  size  renders  the  use  of  a  bamboo  frame 
necessary  on  which  to  lay  them,  which  being  perishable,  rots,  or  is  worm 
eaten  and  sinks ;  the  roof  then  leaks,  its  timber  decays,  and  the  goods 
contained  in  the  building  are  damaged.  In  addition  to  which,  the  ex- 
pense and  trouble  of  their  renewal  is  constant  and  great.  These  are  surely 
reasons  enough  to  show  the  necessity  for  the  manufacture  of  a  better  des- 
cription of  material. 

66.  In  most  parts  of  India,  three  descriptions  of  roofing  tiles  are 
made,  viz.,  the  Pot-tile,  the  Pan-tile  and  tlie  Flat-tile.  There  are  also 
the  S  tile,  and  the  large  kind  generally  known  as  Goodwyn'a  tile. 

Pot  tiles. — The  pot  are  termed  koolfee  (locking),  or  commonly,  hool- 
feedar,  and  are  either  used  with  other  kinds  by  covering  their  raised 
ledges :  or  the  roof  is  of  curved  tiles  only,  locking  into  each  other  by  having 
the  adjacent  rows  laid  with  the  convex  and  the  concave  sides  uppermost, 
alternately.  The  same  arrangement  is  better  answered  by  using  the  §  tiles, 
which,  if  well  made  and  of  a  good  size,  make  an  excellent  water-tight  roof. 
The  objection  to  them  is  the  difficulty  of  repairing  the  roof  if  any  get 
broken.    It  is  also  generally  difiicult  to  get  them  made  of  a  proper  shape. 

Tiles  are  generally  laid  in  mortar  on  a  frame- work  of  bamboos  and  mats. 
Sometimes  they  are  used  over  a  thatching  of  grass,  but  this  arrangement 
is  not  recommended,  as  the  grass  rots,  the  tiles  get  displaced,  and  the 
roof  leaks.  Goodwyn's  tiles  are  laid  in  mortar  over  a  layer  of  flat  sqnare 
bricks;  they  have  been  largely  employed  in  the  Punjab  barracks,  and 
make  an  excellent,  though  somewhat  heavy,  roof,  (the  details  of  which  are 
described  in  the  Second  Volume  of  the  Treatise^ 

4 

The  pot-tiles  are  made  on  a  potter's  wheel,  and  together  with  the  flat 
tiles,  are  in  India  burnt  in  an  open  clamp  with  dried  cowdung  in  the  same 
manner  as  bricks.  Dried  cowdung  is  an  excellent  fuel  for  the  purpose, 
much  resembling  peat,  as  it  gives  a  strong  heat  without  blazing  or  burn- 
ing fiercely. 
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Tho  larger  the  tiles  can  be  made  the  better,  as  they  are  then  less  casilj 
displaced  or  broken  by  birds,  and  as  barracks  are  much  frequented  by  yuI- 
tures,  adjutants,  crows  and  other  carnivorous  birds,  this  is  a  matter  of  much 
importance ;  large  tiles  are  more  difficult  to  make  and  to  bum  than  small 
ones,  but  as  they  also  cover  a  greater  area,  they  will  often,  on  computation, 
be  found  not  to  be  so  much  dearer  as  at  first  they  may  seem  to  be,  judging 
only  by  the  price  per  thousand. 

The  Pan-tile  is  in  shape  similar  to  the  pot-tile,  differing  from  it  only 
in  being  shorter,  heavier,  and  less  curved.  As  made  by  the  native  con- 
tractors, it  is  also  of  very  inferior  material,  but,  as  only  one  kind  of  clay 
is  used  for  both  the  pot  and  pan  tile,  and  equal  care  should  be  taken  in 
tempering  and  manipulating  it  in  both  cases,  an  equally  good  tile,  as  re- 
gards quality,  is  obtained  by  moulding  as  by  turning  on  tho  wheel,  with 
the  further  advantage  of  ensuring  a  uniform  size. 

67.  Tile  Manufactare. — In  the  manufacture  of  tiles,  as  in  bricks, 
the  quality  of  tho  ware  depends  chiefly  on  three  particulars,  viz.,  the  nature 
of  the  clay — tempering — and  bulging.  The  following  is  the  method  as 
practised  by  the  Madras  Sappers  at  Mercara. 

TiLB  CLAY. — The  clay  used  is  of  a  blackish  color  and  very  stiff,  gene- 
rally found  imderlying  the  brick-earth,  from  5  to  10  feet  below  the  sur- 
face of  the  ground,  in  the  vicinity  of  paddy  or  marsh  lands.  It  is  stiff 
enough  to  require  a  little  sprinkling  of  the  brick  loam  immediately  over- 
laying it,  or  else  of  sand ;  the  proportion  of  loam  to  clay  varying  with  th» 
quality  of  the  latter,  which  experience  can  alone  determine. 

The  clay  is  usually  uncallowed  and  dug  out  immediately  before  the  rains, 
and  spread  in  heaps,  in  which  state  it  is  allowed  to  remain  during  the  four 
or  five  monsoon  months,  with  the  view  of  breaking  down  the  harder  and 
knotty  pieces,  so  as  to  render  them  easier  worked ;  but  as  it  is  found  in 
England  that  wet  retards  the  process  of  weathering,  while  hot  dry  weather 
or  frost  is  beneficial,  this  practice  may  be  deemed  questionable,  mitil  some 
direct  experiments  have  been  made  to  determine  its  advantage  or  otherwise. 

After  the  rains  cease,  the  clay  is  put  into  tempering  pits,  about  one 
foot  deep,  of  any  convenient  area,  and  the  bottom  paved  with  bricks, 
where  it  is  covered  entirely  with  water  for  about  twenty-four  hours,  when  a 
little  more  water  is  thrown  over  it.  At  the  expiration  of  about  twelve 
hours  after  this,  the  clay  is  trodden  by  men's  feet  for  two  or  three  hours, 
which  completes  the  first  course  of  tempering.     It  is  then  removed  into 
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sheds  by  the  same  people  who  tread  it,  and  is  there  formed  into  conical 
heaps  aboat  four  feet  high.  These  heaps  are  cut,  or  rather  pared,  down  in 
thin  alices  from  top  to  bottom  with  a  circular  iron  cotter  {Plate  XIV., 
Fig.  1),  which  process  is  repeated  three  or  more  times,  mitil  the  hard 
pieces  and  stones  hare  been  broken  down  and  cleared,  and  the  mixture  of 
clay  and  loam  well  amalgamated.  It  is  then  well  worked  and  kneaded 
with  the  feet  on  hides  or  boards  into  a  stifif  paste,  every  hard  substance 
which  the  eye  or  feet  detect  being  remoyed,  when  it  is  in  a  fit  state  for  the 
potter  or  moulder. 

Moulding. — For  making  pan-tiles,  a  gang  of  three  people  only  is  re- 
quired, yiz : — 

Temperer  (man)  1 ;  moulder  (man)  1 ;  Cleaner  (boy  or  woman)  1. 

Temperer. — The  temperer's  duty  is  simply  to  prepare  the  clay  in  the 
way  above  described ;  for  effecting  which,  all  ho  requires  is  a  mamoty  or 
spade,  a  chatty  and  a  basket,  and  to  carry  and  place  the  clay  in  heaps  by 
the  side  of  the  moulder.  Water  is  supposed  to  be  sufficiently  at  hand  to 
allow  of  the  temperer  fetching  it  himself. 

if ou/der.— The  moulder  sits  on  the  ground  with  his  mtmld  {Fig,  2),  water 
trough  and  strike  {Fig,  8)  in  front,  and  after  covering  his  mould  with 
wood  ashes  or  finely  sifted  brick-dust,  previously  deposited  near  him,  he 
takes  off  with  his  hands  a  piece  of  clay  more  than  sufficient  to  fill  the 
mould,  which,  after  roughly  shaping,  he  throws  into  the  mould  with  all 
bis  force,  taking  care  to  work  it  well  into  the  comers  and  other  parts,  and 
then  cuts  off  the  superfluous  clay  with  the  bow  {Fig.  4),  made  of  wire  or 
of  string  stretched  on  any  elastic  piece  of  wood.  Ho  then  presses  his 
strike,  a  flat  piece  of  wood,  or  ruler  15  inches  long,  2  or  3  inches  broad,  and 
half  an  inch  thick  {Fig  3),  backwards  and  forwards  over  the  clay,  till  the 
surface  is  tolerably  smooth  and  level  with  the  upper  surface  of  the  mould ; 
after  which,  opening  tlie  thumb  and  fingers  of  his  left  hand,  he  presses 
the  hand  thus  extended  slightly  on  to  the  clay  in  the  mould,  which,  adher- 
ing to  the  palm  and  fingers,  is  easily  lifted  out  and  placed  on  a  burnt  pan- 
tile near  him.  Each  succeeding  piece  thus  taken  out  is  placed  on  the  top 
of  the  previous  one,  until  a  heap  of  twenty  is  collected,  when  a  new  heap 
is  begun,  and  so  on.  The  heaps  are  left  till  the  following  day  to  dry  a 
little,^  when  the  moulder  shapes  them  into  the  curved  form,  on  the  convex 

•  The  timo  for  drying  miut  of  cotirso  vary  with  the  nattirc  of  the  climate,  an<l  all  that  is  roqiUaite 
to  bt  owafol  of  on  this  aooro  is,  that  tho  oU^  it  •ulBoio&Uy  pUwtio  fco  bo  bent  without  onuddog. 
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back  of  B  horse  {Fig.  5),  by  aimpl;  bending  them  ge&tl;  oter  it,  and 
smoothing  the  back  of  the  tile  iteelf  with  his  hand  dipt  in  irater.  Hm 
horse,  baring  been  preTionidj  frell  sprinkled  with  niwd  aah«i  or  briok-doBt, 
pennits  the  tile  to  be  easily  taken  off  it,  which  the  moulder  doai  irith  both 
bands  snd  then  places  it  gently  on  the  ground  (which  oaght  to  be  wall 
rammed  and  flattened),  tinlil  one  heap  of  twenty  is  finished ;  he  then  pro- 
ceeds to  another  heap,  and  so  OD.  In  this  way,  an  experienced  moulder  win 
monld  and  horse  300  per  diem.  After  lying  on  the  ground  fire  or  aix 
honra,  or  till  anffidently  stiff  to  be  handled,  the  tilei  are  taken  np  and 
re-horsed  by  a  man  or  boy  called  the  cleaner  or  washer-of. 

Cleaner  or  washer-off. — This  indiTidual  trims  the  edges  with  a  knife, 
clesrs  away  the  aehes  from  the  interior  by  rabbing  it  hghtly  over  with 
grass,  and  afterwards  washes  it 
with  his  hand  well  wetted,  rnb- 
bing  it  over  till  qdte  smooth. 
On  completing  this  process, 
ha  Jaya  the  tile  again  oa  the 
gronnd  where  it  is  left  for  8 
or  10  honre,  until  it  U  hand- 
^rd,  that  ie,  stiff  enough  to 
be  placed  carefully  on  its  nar- 
rowest edge  against  a  board  or 
wall ;  when  they  are  all  pick- 
ed up  and  disposed  of  in  Uiia 
way,  that  is,  standing  out  at 
right  angles  to  the  waU  one 
over  another,  and  so  left  until 
quite  ready  for  burning.  In 
setting  the  kiln,  a  flooring  is 
firat  made  by  a  course  of  bricks 
laid  flat  and  somewhat  open 
over  the  tops  of  the  flues,  and 
on  this  flooring  the  tiles  are 
stacked  as  closely  as  they  will 
lie  on  edge,  course  upon  course. 

J.^uir^'"  i^  a™  ;  i.  1.  n^a,  ,«  op,nU^  tw,  or  tb™  fe- 
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hatches  are  bricked  up,  and  the  top  covered  with  a  course  of  old'  tiles 
laid  loosely  over  it. 

Sheds. — It  is  necessary  to  have  sheds,  as  owing  to  the  stiffness  of  the 
clay,  the  tiles,  on  exposure  to  the  wind  and  sun,  except  for  a  very  short 
time,  crack  and  get  out  of  shape  very  extensively.  As  the  natives  never 
go  to  the  expense  of  constructing  such  sheds,  they  are  obliged  to  use  a 
very  mild  clay  to  prevent  this  loss,  so  that  it  is  no  wonder  their  tiles  are 
of  such  inferior  description. 

It  is  a  good  plan  in  order  to  gain  room  in  these  sheds  for  moulding,  to 
have  a  series  of  blocks  or  drying  shelves,  which  are  formed  with  d-inch 
planks,  placed  4^  inches  one  above  another,  on  bricks  laid  on  edge,  and 
carried  to  any  convenient  height  above  the  floor.  The  size  of  the  shed 
and  number  of  these  blocks  will  depend  on  the  number  of  moulders  at 
work,  but  the  area  allowed  to  each  is  16  feet  long,  by  20  feet  wide,  and 
the  moulders  should  be  so  arranged  as  to  leave  a  passage  of  about  3  feet 
all  around  the  blocks,  so  as  to  have  them  easily  accessible.  The  moulders 
sit  either  in  the  centre  or  at  the  side  of  the  sheds,  and  the  blocks  are 
placed  all  down  the  centre  {Fig,  7.)  The  blocks  should  have  nine  tiers 
of  planking. 

BuBNiNO. — The  burning  is  effected  entirely  with  wood.  The  kiln  is 
circular,  and  of  size  sufficient  to  bum  30,000  tiles  at  a  time.  As  in  the 
case  of  bricks,  the  fires  must  be  gentle  at  first  until  the  disappearance  of 
all  white  steam  ;  after  this,  they  may  be  gradually  raised  to  a  greater  heat, 
until  the  inside  of  the  flues  appear  red  hot ;  the  fire  is  then  slackened  for 
six  hours,  after  which,  it  is  again  raised  till  the  interior  of  the  flues  has  been 
brought  to  a  white  heat,  and  kept  so  for  about  three  hours.  The  fire  is  then 
again  slackened  for  six  hours,  putting  in  no  more  wood  during  that  time. 
At  the  expiration  of  the  six  hours,  the  fire  is  raised  to  the  same  heat  as 
before,  and  kept  up  about  four  hours,  when  the  flues  are  quite  filled 
with  fuel,  and  their  mouths  stopped  up  with  brick  and  mud,  the  fires 
being  allowed  to  go  gradually  out.  The  burning  generally  takes  72  hours, 
being  maintained  night  and  day.  In  windy  weather,  the  kiln  should 
be  sheltered  as  much  as  possible  on  the  weather  side,  otherwise,  a  large 
number  of  the  tiles  on  that  side  will  be  found  underbumt :  these  are  tech- 
nically temed  hum-overs,  and  should  be  put  on  the  top  of  the  next  kiln  to 
be  fully  burnt. 

Cost. — To  make  a  kihi  of  30,000  pan-tiles,  the  following  labor  and  ma- 
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terials  are  reqaircd,  the  cost  of  which  will  vary  of  conrse  according  to  the 
prices  at  the  station  : — 

I,  Digging  out  clay,* 

I  Tempering  and  removing  to  spot,  100  men,  at  2  onnns,  ... 
:  Moalding,  100  men,  at  4  annas, 

Cleaning,  100  boys,  at  1 1  annas, « < 

li  Stacking,  15  men,  at  2  annas,      

Baming  and  watching,  18  men  at  2  annus,       

27  country  carts  load  of  wood,  at  8  annas,        

\  Total,    ...    CO  15    4 

j;  Say  67  rnpees  the  kiln,  which  will  be  about  2;^  rupees  per  1000.    The 

prices  given  are  exclusive  of  the  original  cost  of  the  kiln,  which,  once  pro- 
perly constructed  of  brick  in  clay,  will  last  the  whole  season,  and,  with  re- 
pairs, for  two  or  three  years.  The  cost  of  tools  and  sheds  for  moulding  and 
drying  is  also  extra. 

The  loss  in  making  and  burning  depends  on  so  many  contingencies, 
varying  with  the  season,  that  no  correct  average  can  be  given.  It  should, 
however,  certainly  be  under  10  per  cent. 

68.    Flat  Tiles. — The  clay-getting,  weathering,  and  tempering  be- 
ing precisely  the  same  as  for  pan-tiles,  need  no  further  description. 
In  making  flat-tiles,  a  gang  of  five  people  is  required,  viz. : — 
Moulder  (man),  1 ;  Temperer  (man),  1 ;  Clot  moulder  (woman  or  boy), 
1 ;  Bearing-off  (boy),  1 ;  Trimmer  (woman  or  boy),  1. 

Temperer. — It  is  this  man's  duty  to  temper  the  clay,  in  the  mode  al- 
ready described ;  after  which,  he  squares  up  a  piece  of  it  into  size,  thicker 
than  the  mould  but  smaller  in  the  sides,  a  habit  he  acquires  after  a  little 
practice.  This  is  called  a  half  piece,  and  should  be  thick  enough  to  make 
ten  or  twelve  tiles—  this  he  hands  to  the 

Clot  moulder^  who,  being  furnished  with  the  bow  formerly  described, 
,  takes  the  half  piece,  and  placing  it  at  one  end,  cuts  ofif  a  slice  which  she 

I  puts  on  a  pallet  board,  well  covered  over  with  fine  wood  ashes,  and  patting 

;  it  with  her  hand,  forms  it  into  the  shape  of  a  rough  tile  called  a  clot,  which 

I  she  passes  to  the  moulder  standing  on  her  left. 

Moulder, — The  moulder,  with  his  mould  fixed  on  the  table  in  his  front 
{Plate  XV.,  Fig.  3),  and  well  sprinkled  with  wood  ashes  or  brick-dust,  takes 
the  clot,  and  putting  it  into  the  mould,  at  the  bottom  of  which  a  tile 
board,  also  covered  with  ashes  has  been  placed,  gives  the  clot  a  few  sharp 

I  *  One  cubic  yard  of  clay,  well  tamped  and  tempered,  will  make  about  1,000  pan-tilet,  lO^  Inch 
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taps  with  the  palm  of  his  hand,  then  taming  down  the  movable  top  D, 
{Fig.  4)  of  the  mould  on  to  the  clot,  he  draws  the  lever  and  weight  forci- 
bly towards  him,  until  it  presses  hard  on  the  top  of  the  mould,  which  is 
effected  by  three  friction  rollers  fixed  into  the  bottom  of  the  lever  post. 
With  his  right  foot  he  then  gives  the  treadle  T  {Fig.  3)  two  or  three 
smart  jerks,  which  tends  to  press  the  clay  well  into  all  parts  of  the  mould ; 
.  and  afterwards,  throws  back  the  lever  and  weight,  raises  the  top  of  the 
monld,  and  with  a  wet  strike,  of  the  same  kind  as  before  described,  cuts 
off  the  surplus  clay ;  after  this,  he  gently  works  his  wet  hand  over  the 
top  surface  of  the  tile ;  a  pallet  board  well  covered  with  wood  ashes  being 
then  placed  on  the  top,  the  moulder,  with  one  jerk  of  the  treadle,  forces 
out  the  tile  and  board  on  which  it  rests,  ready  for  the 

Benring-off  bot/,  who  stands  directly  opposite  to  him,  on  the  other  side 
of  the  moulding  table,  and  whose  duty  it  is  to  keep  the  pallet  and  tile 
boards  well  covered  with  wood  ashes,  and  to  seize  and  carry  off  the 
newly  formed  tiles,  and  place  them  on  the  blocks  to  dry.  This  he 
does  by  catching  the  pallet  and  tile  boards,  with  the  tile  between  them, 
gently  with  both  hands ;  he  then  reverses  the  boards  by  turning  them 
dexterously  over,  with  the  tile  still  between  them,  thus  bringing  the  tile 
board  uppermost,  which,  by  means  of  an  iron  eye  fixed  in  its  bottom,  he 
removes  easily  with  his  right  hand,  leaving  the  tile  resting  on  the  pallet 
board,  lying  on  the  palm  of  his  left  hand.  The  tile  board  he  places  on 
the  moulding  table,  ready  for  the  moulder  to  put  in  the  mould  again, 
and  then  carries  off  the  tiles  to  the  blocks  or  in  their  absence  to  Aflat,  a 
piece  of  ground  duly  prepared  with  ramftiers  and  gobar,^  to  receive  it — 
here  it  is  left  till  hand-hard,  when  it  is  removed  by  the 

Trimmer-off,  whose  business  is  to  gather  up  all  these  hand-hard  tiles, 
and  place  them  in  heaps  of  ten  or  twelve.  He  then  trims  the  roagh  edges 
with  a  knife,  places  them  one  at  a  time  between  two  flat  boards,  which 
he  presses  together  with  his  hands,  and  rectifying  anything  he  finds  wrong 
in  the  shape,  he  then  places  them  in  rows,  as  in  Fig.  5,  piled  one  on  another, 
where  they  are  left  till  quite  dry,  after  which  they  are  carried  to  the  kiln, 
and  stacked  as  shown. 

Burning. — Kilning  and  burning,  being  precisely  the  same  as  for  pantiles, 
need  no  description ;  only  it  may  be  observed  that  the  flat-tiles  being  of 
smaller  dimensions  (6^  x  5^  X  §  inches),  the  kiln  previously  described 

*  Cow-dongi  dilntod  with  water. 


d4  IILHS. 

will  hold  50,000  of  them;  bothkindBoftiIea,faowerer,  Are  generally  burnt 
together  in  the  eame  kiln,  pan-tiles  at  bottom  and  flat-tiles  at  top. 

Au  experienced  moalder  with  bis  assistants  will  monld  500  per  diem. 

Cost. — The  cost  of  labor,  &e.,  for  50,000  flal-tilea  is  ae  follows : — 

Claj*  digging  and  remoTing,  at  1  bodb  per  cubic  yard,  . ,       17    0 

Tempering,  100  men,  at  2  annas,  ..  ..  <a    a    ^ 

Monlding,  100  men,  at  4  annas,      .. 

Clot  moaMing,  100  nomen.  at  ^  annas, 

Bearing-oS,  100  b(^,  at  U  annas,.. 

Trimming,  lOObojs.  at  U  annas,  .. 

"■    ■ '  ..-      .  ■.     ..-     -^^  jt  2  annas. 


The  cost  in  this  instance,  as  in  pan-tiles,  is  cxclnsire  of  kiln,  sheds,  and 
tools. 

It  is,  perhaps,  scarcely  necessary  to  obserre  that  sheds  foimonlding  and 
drying  are  equally  required  in  this  case,  as  forpan-tile  making — <thesaneed 
no  description. 

69.     Ooodwyn'8  Tile  is  a  large  and  substantial  flat-tile,  with  raised 
edges,  the  joints  between  which  are  covered  with  a 
semi- cylindrical  tile,  precisely  such  as  were  in  nse  by  i[ 
the  Romans. 

Attinson'a  Tiles  are  similar  to  Ooodwyn's,  and  the  1 
method  of  roofing  with  both  of  them  is  described  ^ 
in  Vol.  II.,  in  the  Section  on  Buildings. 

Sjrrian  Tllee  are  used  in  arched  rooGng,  and  the  method  of  osing  tbeni_ 
is  described  in  the  Section  on  Masonry.  They  are  turned  on  the  pot- 
ter's wheel,  and  are  hollow  like  ordinary  flower  puts,  but  closed  at  top  and. 
bottom,  and  slightly  flattened  at  the  sides  like  flat  stone  boltles.  They  ar» 
generally  about  9  inches  high,  with  a  larger  diameter  of  5  inches,  tbd 
smaller  depending  on  the  curve  of  the  roof. 

60,  Bindh  Tiles. — An  improvement  on  this  kind  of  tile,  called  the 
Sindh  Tile,  has  been  lately  introduced  by  Lieut.- Colo nvl  Fife,  B.E.,  and 
used  with  much  success  in  Sindh.  Tbe  following  account  of  their  manufac- 
ture is  taken  from  Vol.  I.,  of  the  "  Indian  Professional  Papers,"  The  mode 
of  roofing  with  them  is  described  in  a  eubseqnent  chapter  of  the  "Ma- 
aonry"  Section. 

*  A  cntitcyardofd«;irell-iainmed  and  tempered  irlllBialNl,)BOfi*t'tiln,  II  x  e)  x|  IncbM. 
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Deacrtption  of  the  Metlwd  of  Making  Hollow  Hexagonal  Voussoirs 
for  Vaulted  Roofh. — ^A  solid  wooden  voussoir  is  first  made  in  the  fol- 
lowing manner: — A  piece  of  wood  about  15  inches  in  length  and  9 
inches  in  diameter,  is  shaped  into  a  tolerably  accurate  cylinder.  Its 
Fig.  1.  Fig.  2.  Fig.  8.  ends  are  then  sloped  off,  till  it  be- 
comes oblique,  as  shown  in  Fig.  1. 
Hexagons  are  then  inscribed  in 
circles  of  about  8  inches  diameter, 
at  each  end,  (Figs.  2  and  8,)  care 
being  taken,  by  previously  drawing  a  straight  line  from  top  to  bottom  of 
Fig.  4.  Fig.  5.       the  cylinder,  to  make  the  hexagons  parallel. 

From  the  sides  of  the  hexagon  at  the  bottom,  half 
an  inch  or  whatever  may  be  required,  is  cut  off 
(Fig.  8).  The  superfluous  wood  is  then  pared 
away,  leaving  the  solid  hexagonal  voussoir,  as 
shown  in  Fige.  4  and  5,  a  piece  of  wood  being 
inserted  at  the  broad  end  as  a  handle :  at  the  other  (narrow)  end,  a  small 
hole,  about  1  inch  deep  is  bored  at  the  centre. 

Some  common  earthem  hoondaa  (cylindrical  pots)  of  the  section  shown 
in  (Fig,  6,)  are  then  made,  in  the  ordinary  manner,  having  their  tops 


± 


Fig.  6. 

Salf  Xodndas, 


sloped  at  the  same  angle  as  the  voussoir,  (but  accu- 
racy in  this  case  is  not  necessary.)  When  the 
koondas  are  dry,  they  are  sawn  in  two ;  after  this 
they  may  be  burnt.  They  may  also  be  made  of 
wood ;  but  the  earthen  ones  only  cost  a  few  annas 
each,  and  are  not  liable  to  warp. 
To  make  the  mouldSf  clay  mixed  the  day  previous,  and  containing  rice 
bhoosa,  to  prevent  cracking,  is  beaten  into  flat  cakes  with  the  hand,  and 
placed  in  the  half  koondas,  and  well  pressed  against  the  sides  and  bottom 
with  the  hand.  The  two  pieces  of  koonda  are  then  bound  together  with 
a  piece  of  rope,  and  placed  upon  a  levelled  piece  of  soft  ground.  An  iron 
rod,  something  less  than  a  quarter  of  an  inch  in  diameter,  is  then  inserted 
into  a  hole  at  the  centre  of  the  bottom  of  the  koonda.  Next,  the  wooden 
voussoir,  (which  as  above  stated,  has  a  small  hole  bored  in  it  for  the  re- 
ception of  the  rod  which  working  through  the  central  hole  at  the  bottom 
keeps  the  axes  of  wooden  voussoir  and  of  koonda  truly  coincident,  so  as  to 
insore  unifotm  thickness  in  the  sides  of  the  mould  under  construction,) 
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^s  forced  into  the  koondA,  pressing  the  clay  against  the  sides  and  bottoiii«     | 
and  forcing  down  the  iron  rod  into  the  soft  soil  below.    This  is  reported 
four  or  five  times,  care  being  taken  to  keep  the  youssoir  wet,  to  preTeut 
it  adhering  to  the  clay.    If  there  appears  to  be  too  little  day  in  tlae 
koonda,  from  the  cakes  having  been  too  thin,  more  can  be  added,  ontEL 
the  wooden  ronssoir,  by  compressing  it,  forms  a  mould  as  aocorate  ••  it— > 
self.     The  voussoir  ought  to  bo  carefully  withdrawn  from  the  momU^, 
otherwise  the  mouth  will  be  spoiled. 

The  mould  ought  not  to  be  removed  from  the  koonda  for  four  or  fii 
days,  as  the  mass  of  clay  being  great,  it  is  liable  to  crack;  it  oagh' 
moreover,  to  be  kept  in  the  shade,  and  while  drying,  any  cracks  that 
appear  ought  to  be  stopped  with  moist  clay.    As  the  moulds  are 
from  the  koondas,  the  weight  may  be  greatly  reduced  by  taking  an 

Fig.  7.  and  paring  the]extcrior  into  the  form 

Whitu  a  hexagon,  corresponding  with  the  i 

of  the  mould.   When  they  are  drji  hoL 
should  be  made  in  the  bottom,  to  o> 
respond  with  the  tenons  on  the  iriia 
{Fig*  7)  on  which  the  hollow  vonaaoi 
are  formed.     By  doing  this  before 
burning,  much  labor  is  saved,  the  cL 
clay  being  easily  cut  with  a  chisel, 
moulds  may  then  be  burnt.     Litter  is  the  best  fuel  for  this  purpose, 
creating  too  great  a  heat,  and  causing  them  to  lose  their  shape  from  fusi 
To  make  the  hollow  voussoirSy  the  clay  used  should  be  what  is  co 
monly  called  "  strong  earth,"  or  what  is  used  for  pottery.     It  should 
beaten  into  dust,  and  then  mixed  with  dry  horse-dung,  also  beaten  to  d 
Water  should  then  be  added.    An  hour  or  two  afterwards,  when  the  cla^ 
completely  saturated,  it  should  be  well  mixed  with  the  hand,  sufficient 
being  added  to  make  it  of  the  consistency  of  paste  or  putty,  so  that  it 
bo  taken  up  in  the  hand  and  easily  compressed  into  any  form.     It  sho 
remain  in  this  state  for  twenty-four  hours,  after  which  it  is  fit  for  use. 
The  mould  is  filled  in  the  same  manner  as  the  koonda.     A  piece 
clay,  taken  from  that  before-mentioned,  is  well  worked  up  with  the 
on  a  piece  of  plank,  in  the  same  way  in  which  a  native  makes  his  b 
It  is  then  beaten  out  with  the  palm  of  the  hand  into  two  flat  cakes,  wh 
are  carefully  placed  against  opposite  sides  of  the  mould,  and  ov 
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each  other  a  little.  The  clay  should  then  be  well  pressed  into  all  the 
angles  of  ihe  mould  with  the  knuckles.  After  this,  a  piece  of  clay,  about 
the  size  of  an  apple,  should  be  thrown  smartly  to  the  bottom  of  the  mould. 
If  this  is  well  done,  it  driyes  the  clay  previously  placed  most  effectually 
into  the  acute  angle  at  the  bottom.  The  pressure  of  the  knuckles  is  not 
sufficient  there ;  and,  moreover  this  last  piece  of  clay  makes  the  circular 
wedge  or  mandrill  act  more  effectually.  The  mould  is  then  placed  on 
Fig.  8.  tht;  wheel,  and  a  small  chip  of  wood  (a,  Fig,  8),  an  eighth  of 
sectumof  Moutd  mj  \j^qj^  thick,  inserted  between  the  clay  and  the  lower  side 

and  Circular  '  •' 

Wtdge.  Qf  tjjg  mould.  This  is  to  prevent  the  wedge  from  making 
Ju  that  side  of  the  voussoir  too  thin.  There  is  no  necessity 
for  a  similar  precaution  for  the  other  sides.  An  iron  rod 
like  that  previously  mentioned,  is  then  passed  through  the 
bottom  of  the  mould  into  the  top  of  the  wheel.  Next  a 
circular  wedge  or  mandrill  about  half  an  inch  less  in  diameter 
than  the  breadth  of  the  mould,  so  as  to  leave  round  it  about 
a  quarter  of  an  inch  of  clay  for  the  thickness  of  the  voussoir,  and  having  a 
hole  bored  through  it  for  the  rod,  is  placed  in  the  mould,  and  plenty  of 
water  sprinkled  on  it.  The  wheel,  with  the  mould  on  it,  is  then  set  in 
motion  with  the  foot,  the  wedge  being  thoroughly  held  with  the  hands 
and  gently  pressed  downwards. 

If  it  descends  very  rapidly,  it  will  be  found  on  taking  it  out,  that  the 
cakes  of  clay  are  too  thin ;  whenever  this  appears  to  be  the  case,  more 
must  be  added  with  the  hand.  If  the  wedge  does  not  descend  to  the 
bottom,  it  is  owing  to  there  being  too  much  clay,  and  this  will  have  accu* 
mulated  under  it.  This  should  be  removed,  care  being  taken  in  doing 
so  not  to  tear  the  sides  of  the  voussoir.  The  hand  should  be  conveni- 
ently placed  against  the  clay,  and  the  wheel  set  gently  in  motion.  The 
surplus  clay  is  neatly  cut  off  in  this  manner.  The  wedge  should  then 
be  again  inserted,  and  the  process  continued,  till  the  inside  of  the  voussoir 
is  perfectly  smooth  and  free  from  flaws.  The  wedge  should  be  slowly 
removed  from  the  mould,  the  wheel  being  kept  in  motion.  The  wedge 
ought  to  go  to  the  bottom  of  the  mould.  This  is  ascertained  by  looking 
at  the  indentation  made  in  the  clay  by  the  projecting  piece,  5,  at  the  bot- 
tom, and  which  is  made  to  prevent  the  wedge  descending  too  far  and 
destroying  the  bottom  of  the  voussoir.  It  will  be  observed,  from  the 
manner  in  which  the  voussoir  has  been  made,  that  the  acute  angle  at  the 
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bottom  is  solid.     This  mnst  be  scooped  out  with  the  hand ;  and,  a1 
^ame  time,  the  water  which  collects  there  daring  the  process  above 
cribed,  should  be  removed  with  a  piece  of  cloth. 

The  next  process  is  the  closing  of  the  mouth.  The  surplus  clay 
chip  of  wood  are  first  removed.  A  good  piece  of  clay,  tolerably  sti 
then  rolled  between  the  hands,  until  it  is  almost  a  foot  long  and  an 
ifi  diameter.  One  end  of  this  is  attached  to  the  mouth  of  the  vous 
and  the  wheel  being  set  gently  in  motion,  it  is  carried  all  round,  and 
joined  to  the  voussoir,  by  pressing  it  and  the  side  together  with  the  th 
and  the  fingers.  This  effected,  the  projecting  clay  is  lightly  held  bet^ 
the  thumb  and  the  fingers,  and  the  wheel  being  kept  in  motion,  the  m 
is  gradually  closed.  If  there  is  not  sufficient  clay,  a  small  cake  about 
size  of  a  rupee  should  be  gently  placed  on  the  aperture,  and  the  es 
'of  the  air  inside  immediately  stopped  by  adding  water,  and  joining 
cake  to  the  clay  previously  placed.  If  this  is  not  done  quickly,  the  m 
irill  sink. 

The  mould  containing  the  voussoir  may  then  be  placed  in  the  sti 
dry,  and  when  the  clay  begins  to  stiffen,  the  mouth  must  be  hamm 
flat,  a  small  hole  being  made  to  allow  the  air  to  escape.  In  three  or 
hours  the  voussoir  is  sufficiently  dry  for  removal  from  the  mould  ; 
mould  being  turned  upside  down,  the  voussoir  drops  out. 

In  four  or  five  days  the  voussoirs  are  dry  enough  for  burning.  ' 
is  done  in  the  same  way  as  with  common  pottery.  A  layer  of  dry  she 
dung  is  first  laid  on  the  ground,  and  over  this  a  layer  of  light  li 
On  this  bed  two  layers  of  voussoirs  are  placed,  and  over  the  who! 
another  layer  of  litter,  covered  with  ashes.  The  ashes  prevent  the  £ 
from  escaping  too  soon. 

R&      A 

One  coolie,*  with  two  assistants  to  fill  the  mould  for  him,  will, 
after  a  month's  practice,  make  70  voussoirs  per  day.  Allowing  the 
first,  in  consideration  of  his  skill,        0    2 

And  paying  the  assistants  at  the  usual  rate  (vix.,  2  annas  each),  0    4 


Weha>'e       ...    0    6 
for  the  cost  of  making  70,  or  say  10  annas  per  100. 

Again,  one  btfttee  maker,  assisted  by  two  coolies,  will  prepare  a 

buttee  containing  700  voussoirs  in  a  day.    Allowing  the  buttcc  maker 

tor  his  work,  and  for  watching  the  buttee  during  the  night,  ...  0      5 

*  Them  w^re  the  prices  In  1861 . 
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Pajing  the  assistants  at  the  usual  rate  of  two  annas  each,     ... 

And  allowing  one  cart  and  a  coolie,  8  annas  per  day  for  two 

days  for  collecting  Utter,  

We  hare    ...    1      9    0 

for  the  cost  of  burning  700,  or  say  4  annas  per  100.    Adding  this  to  the  cost  of 
making,  we  have  14  annas  for  the  cost  of  making  and  burning  100  voossoirs. 

61.  Flooring-tiles  are  made  like  large  flat-bricks  from  1  to  2  inches, 
thicky  and  generally  12  inched  square.  When  laid  carefully  in  cement  they 
make  an  excellent  floor,  more  economical  and  durable  than  the  ordinary 
terrace  work,  especially  in  a  barrack.  They  should  be  more  carefully  made- 
than  common  bricks,  as  they  have  to  stand  the  wear  and  tear  of  feet. 

62.  Colored  tiles  of  yarious  patterns  have  lately  been  much  employ- 
ed for  floors  in  England,  and  it  is  astonishing  that  scarcely  an  attempt 
has  been  made  to  introduce  them  into  India,  where  they  would  make  aa 
excellent,  cool,  and  clean  floor,  for  public  or  private  buildings.  Excellent 
glazed  tiles  are  made  at  Mooltan  and  Peshawur,  in  blue  and  white  ;  and 
hexagonal  tiles  of  these  two  colors  look  very  well  when  laid  down  alter- 
nately. The  glaze  used  is  made  from  borax.  The  coloring  matter  ia 
cobalt  (lajumrd),  for  the  Blue  color  ;  Green  is  also  produced  from  copper ; 
and  Yellow  by  employing  lead.  Patterns  cut  in  relief  in  wood  can  be 
stamped  in  the  tile  when  soft,  and  the  hollows  filled  in  with  the  coloring 
matter.  In  a  somewhat  similar  manner  the  encaustic  tiles  used  in  Eng- 
land are  produced,  and  there  seems  no  reason  that  they  should  not  be  made 
in  this  country,  either  with  or  without  a  glaze. 

The  best  known  encaustic  tiles  of  England,  are  those  made  under  patent 
by  Messrs  Minton  and  Co.,  who  have  overcome  the  difficulty  of  getting 
clays  of  different  colors  to  amalgamate  in  such  a  way  as  to  shrink  equally 
during  the  processes  of  drying  and  firing.  Minton*s  tiles  are  yearly  be- 
coming more  appreciated,  both  on  score  of  durability  and  ornament.  His 
colored  "tesserss"  for  Mosaic  pavements  are  beginning  now  to  be  used 
in  India,  and  some  of  the  Bombay  public  buildings  are  floored  with  this 
material. 

To  attempt  the  best  kinds  of  ornamental  glazed  tiles  would  be  out  of 
place  in  the  present  state  of  such  knowledge  in  India,  but  there  seems  na 
reason,  why  a  fair  description  of  tile,  with  pattern,  but  unglazed,  might 
not  be  prodaced. 


100  TILBB. 

Snch  tiles  are  made  in  England  simply  enough. 

A  tile  is  made  of  say,  good  red  clay,  with  a  portion  of  glass  and  crockei 
and  a  pattern  stamped  into  it  to  a  depth  of  about  a  quarter  of  an  inch. 

Then  lay  on  the  stamped  surface  a  coat  of  the  following  mixture  wiUi 
brush — 

1  ofchiy  j 

2  of  ground  6int  or  glass,     >  mixed  with  water. 
4  of  dry  white  lead,  ) 

This  will  preyent  the  different  colors  from  running  into  each  other. 

Now,  the  sereral  parts  of  the  pattern  may  be  filled  in  with  clays  pi 
pared  and  colored  as  may  be  required,  and  when  properly  finished  in  t 
way,  the  tile  is  dried  and  burned. 

The  stamp  for  such  a  pattern  is  made  from  plaster  of  Paris. 

The  general  rules  as  to  making  and  burning  as  given  before 
«  Colored  bricks  "  are  applicable  also  to  colored  tiles  (v.  pages  79  and  8 

Under  the  head  of  flooring  tiles,  may  be  mentioned  an  excellent  kinc 
flooring  brick  in  use  for  stores  and  such  places ;  and  which  appears  to 
remarkably  well  suited  for  barrack  floors,  and  similar  purposes  in  Im 
It  is  made  from  ground  clinkers,  vitrified  bricks,  and  such  materials,  mi: 
with  a  portion  of  good  cement. 

The  clinkers,  &c.,  are  ground  to  a  rough  state  only,  and  when  well  mi: 
with  the  cement,  the  material  is  moulded  and  left  to  set,  not  burned.* 

63,  Drain  tiles  belong  to  the  coarsest  class  of  earthenware.  Tl 
are  of  various  shapes,  and  are  made  in  various  ways.  Some  are  mould 
flat  and  afterwards  bent  round  a  wooden  core  to  the  proper  shape.  0th 
are  made  at  once  of  a  curved  form,  by  forcing  the  clay  through  the  moi 
by  mechanical  means.  Tile-making  machines  are  now  almost  universa 
superseding  manual  labor  in  this  manufacture,  and  many  machines  of  va 
ous  degrees  of  merit  have  been  patented  during  the  last  few  years. 

If  intended  to  carry  ofl"  sewage,  it  is  essential  that  they  should  be  glaz< 
so  as  to  prevent  their  absorbing  the  foul  matter. 

The  simplest  form  of  glazing  is  that  used  for  the  common ''  Delft  war 
of  Holland.  In  the  Dutch  manufactories  whenever  any  of  the  tiles  t 
to  be  glazed,  they  are  varnished  after  they  are  baked  ;  the  glaze  bei 
])nt  on,  they  are  put  in  a  potter^s  oven  till  the  composition  begins  to  ri 
The  glaze  is  generally  made  from  what  are  called  lead  ashes,  being  Ic 

*  BriokB  of  tbla  kind  are  yery  hard  and  heavy,  and  wear  remar|»bl7  well  under  heavy  trafflo 
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melted  and  stirred  with  a  ladle  till  it  is  reduced  to  ash  or  dross,  which  is 
then  sifted,  and  the  refuse  ground  on  a  stone,  and  re-sifted.  This  is 
mixed  with  pounded  calcined  flints.  A  glaze  of  manganese  is  also  some- 
times employed,  which  gives  a  smoke  brown  color.  Other  colored  glazes 
are  used,  in  somewhat  the  same  manner  as  described  on  pages  79  and  80 
in  regard  to  colored  bricks.  Iron  filings  produce  black,  copper  slag, 
green;  smalt,  blue.  The  tile  being  wetted  the  composition  is  laid  on 
from  a  sieve. 

64.  Irrigation  Pipes. — In  the  Upper  Provinces,  great  improvements 
have  been  lately  effected  in  the  manufacture  of  earthen- ware  pipes,  which 
are  now  extensively  used  as  irrigation  outlets  (colabas)  on  the  canals,  in 
place  of  the  old  wooden  tubes ;  and  the  following  account  of  their  manu- 
actnre,  near  Allygurh,  by  Captain  Jeffreys,  R.E.,  will  be  found  interesting 
and  useful.  The  tiles  so  turned  out  are  strong,  durable  and  economical, 
and  almost,  if  not  quite,  impervious  to  moisture.  If  glazed  they  would 
answer  admirably  for  sewage  or  drainage  purposes. 

Earthenvoart  pipe  manufacture  at  Nanou^  in  the  Allygurh  Division j 
Oanges  CanaL — The  moulding  machine  consists  of  a  strong  wooden  vertical 
cylinder,  5  feet  6  inches  in  length  by  20  inches  in  diameter,  supported  on 
beams  firmly  embedded  in  masonry.  It  is  constructed  of  well  seasoned 
seesum,  3  inches  in  thickness,  secured  on  the  outside  with  four  iron  bands, 
^-inch  in  thickness.  In  the  cylinder  is  a  piston  worked  by  a  wooden  screw, 
8  inches  in  diameter,  and  at  the  lower  end  is  inserted  a  dod  or  die  of  the 
following  shape. 

The  clay,  after  being  previously  prepared  and  worked  up  to  the  required 

consistency,  is  thrown  into  the  cylin- 
der, and  pressed  out  of  the  dod  by 
the  action  of  the  screw.  The  clay 
as  it  escapes  is  evidently  moulded 
into  the  form  of  a  pipe. 

Below  the  die  is  a  moveable  plat- 
form balanced  by  means  of  weights 
attached  to  ropes  nmning  over  pul- 
leys, and  arranged  in  such  a  manner  that  the  resistance  offered  should 
just  be  OTercome  by  the  descending  clay.  When  the  neoessaiy  length  of 
pipe  is  attained,  the  action  of  the  screw  is  stopped ;  the  pipe  is  cut  off 
with  a  piece  of  thin  wire,  and  removed  to  the  drying  sheds.      Being 
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relicTed  from  the  pressure  of  the  clay,  the  platform  ascends  to  its  for- 
mer position,  and  the  operation  is  repeated.  The  cylinder  full  of  claj 
contains  twelve  d-inch  pipes.  In  this  manner  250  to  300  can  be  taken 
out  in  one  day. 

The  pipes  are  then  kept  from  four  to  five  days  under  sheds  to  dry ;  if 
exposed  to  the  sun  or  wind,  they  crack  or  lose  their  shape. 

Appended  is  a  sketch  of  tiie  furnace  used  for  burning  the  pipes.  It  has 
six  arched  flues  radiating  from  one  centre,  enclosed  under  a  conical 
shaped  dome,  18  feet  in  diameter ;  it  is  supplied  with  four  air  holes  at 
top  and  six  fire  holes  below,  as  well  as  two  doors.  The  pipes  are  stacked 
in  an  upright  position  as  closely  as  they  will  lie,  one  course  above  anoUier, 
and  as  the  body  of  the  kiln  is  filled,  the  doorways  are  built  up  with 
kucha  or  refuse  bricks. 

From  continued  experiments  made  at  Nanou,  it  was  found  that  it  requir- 
ed 36  to  48  hours  to  bum  the  pipes  thoroughly.  The  tiles  are  gradually 
brought  up  to  a  red  heat  aud  maintained  so  for  12  hours  ;  after  which  the 
kiln  is  raised  to  the  greatest  heat  possible,  that  is,  until  the  flame  and  the 
pipes  are  of  the  same  color  and  this  is  kept  up  for  24  hours.  The  kiln  is 
then  allowed  gradually  to  cool,  the  admission  of  cold  air  being  carefully 
guarded  against.  In  the  N.  W.  Provinces  the  fuel  best  adapted  and  most 
easily  procurable  is  dry  babool  wood ;  but  where  coal  can  be  obtained  at 
a  moderate  cost,  it  would  no  doubt  be  preferable. 

Great  care  should  be  taken  in  the  preparation  of  the  clay,  as  any  parti- 
cles of  stone  or  kunkur  left  in  the  clay,  are  liable  to  stick  in  the  die  and 
score  the  surface  of  the  pipe.  The  most  efficient  and  least  expensive 
method  of  removing  all  foreign  particles  and  rendering  the  clay  fit  f<)r  use 
s  the  blunging  process.  It  was  found  most  successful,  and  gave  a  fineness 
of  texture  to  the  ware  which  is  quite  unattainable  by  pugging  or  any  other 
method.     Two  sets  of  masonry  tanks,  one  raised  2  feet  above  the  other» 


were  constructed,  the  upper  communicating  with  the  lower  by  mes 
of  pipes  built  into  the  masonry,  2  inches  above  the  flooring  of  ' 
former. 


a. a,   MbireaiU  pia^ntv  suapendetl' ' : 

frvm-  Strii^ae-rj  i.  6. 
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Tlie  clay  was  then  thrown  into  the  upper  tank,  mixed  with  twice  its 
bulk  of  water,  and  worked  hy  means  of  a  long  wooden  spade  (termed  a  bluu' 
ger)  until  a  perfectly  smooth  pulp  was  obtained.  The  mixture  was  then 
drawn  off  into  the  lower  tank,  the  smaller  particles  being  held  in  suspen- 
sion while  the  heavier  particles  fell  to  the  bottom  and  remained  in  the 
upper  tank.  After  ten  or  twelve  days  exposure  to  the  sun,  the  clay  was 
fit  for  use,  without  any  further  labor  being  required  upon  it. 

When  this  process  is  employed  in  damp  climates  like  that  of  England, 
the  moisture  can  only  be  driven  out  by  artificial  means,  viz.,  heat  or 
pressure.  This  would  prove  too  expensive,  except  in  the  manufacture  of 
porcelain  or  china  ware.  But  in  this  country  where  the  powerful  agency 
of  the  sun  can  be  obtained  at  all  times,  the  desired  result  is  brought  about 
by  the  simple  process  of  evaporation,  and  that  at  no  outlay  whatever. 

Cost  of  Manufacture, — The  pipes  were  made  up  at  Nanon  in  lengths 
of  2  feet,  and  8^  and  6  inches  in  diameter;  the  expenditure  upon  them 
was  as  follows  : — 

RnpeeB. 
Manatactnring  7,800  pipes,  ....        704 

Firing,  includlDg  cost  of  loading  and  unloading  kilns,      .        525 

Total,  1,229 

The  out-turn  was : — 

No.ofTilefl. 
Ist  class  tiles,  packa,  .  .  .  3,272 

2nd  ditto,  more  or  less  peela,  bnt  still  fit  for  use,    1,232  4,961 

Broken  or  cracked,  ......     2,839 

Total,  7,800 

From  which  it  will  be  seen  that  the  cost  of  each  pipe  turned  out  of  the 
kiln  was  about  four  annas ;  but  it  may  be  confidently  hoped,  that  as  expe- 
rience in  gained,  the  cost  will  be  greatly  reduced. 

The  large  proportion  of  cracked  and  broken  pipes  was  caused  by  the 
frequent  falling  in  of  the  arches  over  the  flues,  while  the  necessity  for  re- 
building them  at  each  successive  firing  added  greatly  to  the  expense.  This 
will  be  entirely  avoided  in  the  new  form  of  kiln,  a  design  for  which  is 
appended.  Being  greatly  increased  in  height,  it  will  admit  of  increased 
depth  of  fine  and  thickness  of  arch  over  it ;  the  arches  to  tjie  furnaces 
should  be  pointed,  with  a  rise  of  3  feet  6  inches  in  tf  span  of  2  feet  5  inches ; 
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and  l)y  using  fire-clay  cement  instead  of  ordinary  clay,  there  will  be  little 
fear  of  the  arches  giving  way  at  the  greatest  heat  to  which  the  furnace  will 
be  subjected. 

The  tiles  were  made  without  sockets,  as  it  was  found  they  were  not  ac- 
tually required,  the  joints  being  rendered  perfectly  water-tight  by  embed- 
ding them  in  lime.  Sockets  can  be  moulded  on  the  tiles  by  hand,  before 
they  are  completely  dried,  and  would  prove  of  use  in  keeping  the  pipes  in 
their  respective  places  and  preventing  them  from  slipping,  but  in  any  case 
the  lime  must  chiefly  be  depended  on  for  a  perfectly  water-tight  joint. 
The  great  superiority  of  the  pipes  maimfactured  at  Nanou  over  those 
I  turned  out  of  ordinary  tile  making  machines,  consists  in  the  pressure  to 

'.  which  the  clay  is  subjected  during  the  process.     When  using  firm  clay  (not 

over  moist),  it  was  found  that  the  piston  descended  one-third  of  the  depth 
of  the  cylinder  before  any  clay  escaped  from  the  die,  showing  that  the  clay 
I  was  compressed  into  two -thirds  of  its  ordinary  density.     The  united  exer- 

I  tions  of  8  men  were  required  to  force  the  clay  out  of  the  die,  producing  a 

I  pressure  on  the  clay  of  nearly  10  tons. 


> 
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CHAPTER    IV. 
LIMES,  CEMENTS,  MORTARS,  CONCRETES  AND  PLASTERS. 

65.  All  calcareous  cements  have  lime  (oxide  of  calcium)  as  their  basis 
mixed  with  various  other  materials  in  different  proportioils.  Lime  is  most 
usually  found  combined  either  with  carbonic  acid,  in  which  state  it  forms 
a  considerable  portion  of  the  earth^s  crust ;  or  with  sulphuric  acid,  when  it 
is  called  gypsum.  The  cement  formed  of  gypsum,  termed  Plaster  of  Paris, 
has  hitherto  been  seldom  used  in  architecture,  except  for  ornamental  pur- 
poses, protected  from  the  weather. 

Carbonate  of  lime  is  found  either  pure,  that  is,  consisting  of  436  parts 
carbonic  acid  to  564  of  lime;  or,  mixed  with  alumina,  silica,  magnesia, 
oxide  of  iron,  &c.,  in  varying  proportions.  White  chalk*  and  Carrara 
marble  are  specimens  of  the  purest  carbonate  of  lime ;  lias  lime,  kunkur, 
and  many  other  limestones  may  be  cited  as  specimens  of  the  impure  car- 
bonate. 

66-  If  a  piece  of  carbonate  of  lime  be  calcined,  the  carbonic  acid  will 
be  driven  off  in  the  process,  and  the  cohesion  of  its  particles  will  be  so 
much  lessened,  that  granular  limestone,  if  very  pure,  will  fall  to  powder  in 
the  kiln  wherein  it  is  burnt.  The  lime  after  calcination  becomes  quite 
white  or  light  brown,  whatever  was  its  former  color.  In  this  state  it  has 
lost  its  affinity  for  carbonic  acid,  and  is  termed  caustic  or  quick  lime. 

Quick  lime,  on  being  mixed  freely  with  its  equivalent  of  water,|  slakes^ 
that  is,  throws  out  great  heat,  swells,  and  assumes  the  form  of  a  fine  white 
powder.  This  is  hydrate  of  lime^  in  which  state  the  affinity  for  carbonic 
acid  is  restored ;  but  though  at  first  it  quickly  absorbs  carbonic  acid  from 
the  air,  the  process  gradually  becomes  slower,  and  it  has  never  been  found 
to  have  recovered  its  full  equivalent.  Lime,  in  recombining  with  carbonic 
add,  parts  with  the  water  it  combined  with  in  forming  a  hydrate. 

To  form  a  cement  with  hydrate  of  lime,  it  must  be  mixed  with  suf- 

♦  An  the  colored  chalks,  termed  gray  chaUo,  -^rhich  are  the  lower  ohalki  of  the  geologist,  poneai 
more  or  leas,  hydraulic  properties. 

t  Th€  eqttivaleni  of  water  is  the  amoant  of  water  which,  on  mixtare,  the  lime  will  take  into  in- 
timate combination  with  itself.  8*56  parts  of  lime  combine  in  this  way  with  l*ltd  of  water,  which, 
therefore,  is  the  T»«<«<Tn«m  quantity  required  for  slaking. 

VOL.    I.— THIRD   EDITION.  P 


106  LIMES,    CEMENTS,   MORTARS, 

ficient  water  io  form  a  paste  of  the  consistency  required.  After  hariii 
been  applied  as  a  cement  in  this  plastic  form,  in  order  that  it  may  set  < 
recoyer  its  original  hardness  when  in  the  form  of  a  carbonate,  it  won 
seem  necessary  only  to  subject  it  to  pressure,  and  in  some  cases  give  * 
it  access  to  the  carbonic  acid  of  the  air. 

67.  Lime  is  besides  usually  mixed  with  sand,  gravel,  or  some  sm 
extraneous  matter  previous  to  use ;  and  their  mixture,  when  formed  into 
paste  with  water,  is  termed  mortar. 

The  distinction  between  the  mortars  made  of  pure,  and  those  made 
impure  carbonates  of  lime,  consists  in  this,  that  the  former  have  in  theo 
selves  no  property  which  can  produce  setting  without  the  presence  of  ca 
bonic  acid ;  that  is,  practically,  without  exposure  to  the  air.  Mortars  mai 
from  impure  carbonates,  on  the  other  hand,  contain  within  themselves  to 
greater  or  less  degree  this  property  of  solidifying  without  the  assistan( 
of  the  atmosphere.  From  this  property,  which  enables  them  to  harde 
under  water,  they  are  called  "  hydraulic  limes^^  or  "  hydraulic  cements^ 

As  pure  lime  mortar  must  combine  with  carbonic  acid,  that  it  nu 
harden  or  set,  and  as,  in  this  combination,  it  must  part  with  the  wat 
contained  in  it,  it  follows  that  hydrate  of  pure  lime  in  a  state  of  paste, 
kept  moist,  will  remain  for  an  indefinite  period  without  absorption  of  ca: 
bonic  acid,  whilst  if  exposed  to  the  dry  air  without  pressure,  the  sma 
quantity  of  carbonic  acid  gas  is  gradually  absorbed  from  the  atmosphere 
but  the  lime  assumes  the  form  of  powdered  chalk  or  marble,  which 
wholly  useless  as  a  cement,  no  longer  forming  paste  with  water, 
follows,  therefore,  first ; — That  pure  lime  mortar  is  badly  adapted  for  C( 
menting  thin  walls  above  ground,  where  the  action  of  the  air  will  di 
it,  and  reduce  it  to  a  powder  before  a  sufficient  pressure  can  be  brougl 
to  bear  on  it ;  and,  secondly ; — That  it  is  utterly  unadapted  for  sitnatioi 
like  the  foundations  of  a  building,  or  the  heart  of  any  heavy  masonr 
where  it  is  protected  from  the  action  of  the  carbonic  acid  gas  from  tl 
atmosphere,  and  is  frequently  exposed  to  damp,  so  that  no  solidificatic 
can  ensue. 

It  is  evident,  then,  that  for  all  buildings  having  any  pretensions  \ 
importance,  it  is  advisable  to  use  mortar  made  from  hydraulic  lime,  ai 
where  this  is  not  to  be  found  in  a  natural  state,  to  try  to  produce  it  art 
ficially  by  mixing  with  the  carbonate  of  lime  the  ingredients  which  m 
wanting  to  give  it  hydraulic  properties. 
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68.  The  mode  of  occurrence  in  nature  of  calcareous  substances,  as  of 
any  other  minerals,  is  onl j  intelligible  through  the  principles  of  Qeologj ; 
for  which  the  student  is  referred  elsewhere.  A  few  guiding  remarks  are 
all  that  it  will  be  necessary  to  give  here. 

The  varieties  of  limestone  that  are  perhaps,  most  used  in  India  for 
building  purposes,  are  calcareous  tufa^  limestone  boulders,  and  hunkur. 
Tufa  is  formed  bj  the  solution  of  limestone  by  carbonated  waters  and  its 
deposition  by  evaporation  at  the  surface.  For  this  process,  a  surface, 
more  or  less  decidedly  undulating,  is  implied.  Whenever  this  condition 
is  met  with,  together  with  the  presence  of  a  calcareous  rock  (itself  in  most 
cases  unserviceable  as  a  source  of  lime),  tufa  may  be  confidently  sought 
for.  These  conditions  exist  in  most  hilly  districts ;  for  it  is  l^e  exception 
when  any  extensive  mass  of  rocks  is  entirely  devoid  of  calcareous  matter 
in  some  shape ;  and  this  becomes  collected  and  concentrated  in  the  man- 
ner described.  Lime  thus  obtained  is  extensively  used  in  the  districts 
bordering  the  hills  on  the  north  and  south  of  the  Gangetic  plains.  Tufa 
being  essentially  a  local  deposit,  its  extent  must  be  carefully  estimated  be- 
fore much  reliance  can  be  placed  on  it.  This  stone  is  admirably  adapted 
for  native  use ;  from  its  porous  texture  it  is  easily  broken,  and  easily 
burned,  and  it  yields  its  full  proportion  of  pure  white  lime,  the  qualities 
of  which,  when  moderate  care  has  been  used,  can  be  depended  upon. 

Most  of  the  torrents  from  the  Bewaliks  and  outer  Himalayan  ranges 
yield  an  annaal  crop  of  limestone  boulders,  which  are  extensively  used  for 
lime,  as  they  require  no  quarrying.  The  chief  objection  to  lime  from  such 
a  source,  is  its  uncertain  quality  if  nicety  be  required.  This  difficulty  was 
experienced  at  Rooikee  in  an  attempt  made  by  the  late  Captain  E.  Fraser, 
B.E.,  to  make  a  quick  set&g  cement  for  rapid  repairs  in  the  Ganges  Canal 
Works.  Some  of  the  samples  of  the  lime  with  whidi  it  was  proposed  to 
operate  (a  boulder  lime  from  the  Sewidiks)  exhibited  to  analysis  a  differ- 
ence of  composition  of  as  much  as  twenty  per  cent.  The  reason  is  evident. 
In  a  small  basketful  of  the  pebbles,  one  may  find  a  dozen  different  varie- 
ties of  stone  from  as  many  different  beds  of  the  anciently  denuded  rocks  of 
the  Himalayas. 

Kunkur  is  a  variety  of  limestone  extensively  used  for  lime,  and  most 
abundantly  found  in  the  great  plains  of  India.  Colonel  Sir  P.  T.  Cautley, 
has  noticed  the  frequent  occurrence  of  kunkur  deposits  in  the  vicinity  of 
jhecls,  or  where  jbeels  may  formerly  have  existed  ^  and  it  has  al«o  been  fre- 
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quenUy  observed  at  the  bottom  of  old  wells ;  from  which  and  other  reasons 
it  woald  appear  to  be  a  species  of  subsoil  tafa,  formed  by  the  deposition  of 
calcareous  matter  extracted  by  the  surface  waters  in  minute  portions  from 
the  beds  of  sand  and  clay,  and  re-deposited  in  a  concentrated  and  irregular 
form.  Taking  this  view  of  the  case,  the  known  qualities  of  kunkur  as  a 
source  of  lime  may  be  accounted  for.  These  qualities  vary  much,  not  only 
in  different  localities,  but  even  in  parts  of  the  same  deposit.  Sometimes 
the  deposit  takes  place  in  a  fine  soil,  a  sub-stratum,  that  contributes  no- 
thing towards  its  qualities  as  a  source  of  hydraulic  lime  ;  elsewhere,  bat 
exceptionally,  the  lime  is  deposited  in  a  suitable  clay  bed,  and  a  fair  hy- 
draulic limestone  is  the  result.  But,  in  all  cases,  deposition  in  the  manner 
we  have  supposed  by  percolation  and  evaporation  is  so  fickle,  that  a  con- 
stant quality  cannot  be  depended  on.  We  have  never  seen  an  instance  in 
which  the  composition  did  not  vary  largely  in  specimens  from  the  same 
locality. 

All  the  carbonates  of  lime  are  very  nearly  insoluble  in  water.  They  al- 
ways dissolve,  either  wholly  or  in  part,  in  weak  acids,  with  a  more  or  less 
brick  effervescence.  They  can  be  scratched  with  an  iron  point.  The  physical 
characters,  however,  which  serve  to  distinguish  calcareous  minerals,  fail 
to  give  any  certain  indications  of  the  qualities  of  the  lime  they  contain. 

69.  Lime  Analysis.— As  the  thorough  analysis  of  a  kunkur  or  lime- 
stone is  an  operation  which  few  Engineers  can  perform  for  themselves :  the 
following  process,  which  will  give  a  rough  approximation,  has  been  sug- 
gested. Pound  a  sample  in  a  mortar,  pass  it  through  a  fine  sieve :  put  150 
grains  in  a  tumbler,  and  pour  gradually  on  it  diluted  hydrochloric  acid, 
stirring  it  with  a  bit  of  wood :  add  the  acid  until  effervescence  ceases,  then 
filter  it  through  blotting  paper,  and  wash  by  pouring  fully  a  quart  of  water 
through  the  filter ;  that  which  remains  is  clay  or  sand  or  both :  it  should  be 
carefully  dried,  collected  and  weighed ;  the  difference  between  this  weight 
and  the  150  grains  represents  Carbonate  of  lime.  This  remainder  should 
now  be  repeatedly  washed  by  decantation,  so  as  to  get  rid  of  the  lighter 
particles  of  clai/f  until  sand  alone  is  left,  which  should  bo  dried  and 
weighed.     If  the  150  grains  are  found  to  contain 

Carbonate  of  lime, 112  grains. 

Clay S)      ^ 

Sand, 29      „ 

the  stone  will  furnish  a  fair  lime  for  general  purposes. 
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Another  simple  plan  which  may  be  employed  is  to  weigh  a  piece  of  the 
stone  after  it  has  been  thoroughly  dried :  then  heat  it  to  redness  in  an 
open  fire  (say  for  four  hoars)  to  expel  the  carbonic  acid :  allow  the  stone 
to  cool,  and  agun  weigh  it,  the  loss  of  weight  will  show  the  amount  of 
Carbonic  Acid  from  which  can  be  calculated  the  amount  of  Lime :  as  in 
every  100  parts  of  Carbonate  of  Lime,  are  56  parts  of  Lime,  and  44  parts 
of  Carbonic  Acid. 

70.  If  however  the  Engineer's  opportunities  and  appliances  allow  of  a 
thorough  analysis,  this  should  always  be  made. 

The  following  directions  have  been  drawn  up  by  Dr.  Murray  Thomson* 
and  may  be  used  for  a  Mortar  as  well  as  a  Limestone. 

1.  Selection  of  the  sample.  Care  should  be  taken  to  get  a  fair  average 
sample.  In  the  case  of  a  mortar  a  handful  from  various  parts  of  the 
heap  should  be  taken,  and  these  thoronghly  mixed;  about  two  ounces 
of  this  should  then  be  put  in  a  well  closed  bottle.  In  the  case  of  a 
limestone  or  kunkur,  a  piece  should  be  broken  off  from  various  parts  of 
the  mass,  or  if  it  exist  in  several  pieces,  then  parts  of  each  should  be 
taken. 

2.  Preparation  of  the  sample  for  Analysis,  The  sample  should  now 
be  reduced  to  powder,  first  in  an  iron,  and  then  in  an  agate  mortar.  The 
powder  should  be  so  fine,  that  no  grit  whatever  can  be  perceived  when  a 
little  of  it  is  rubbed  between  the  fingers.  From  5  to  6  grammes  of  the 
sample  should  be  thus  pulverised,  and  kept  in  a  stoppered  bottle  labelled 
with  a  label  correspondiug  to  that  of  the  sample. 

3.  Estimation  of  the  water.  It  will  be  sufficient  to  dry  about  one 
and  a  half  grammes,  at  lOO.C  until  it  ceases  to  lose  weight,  and  the  loss 
entered  in  the  analysis  as  '^  water."  For  a  more  accurate  process  for  esti- 
mating water  in  a  limestone,  as  well  as  for  fuller  details  on  the  analytical 
process  generally  reference  is  made  to  ^'  Quantitative  Analysis  by  Fre- 
senius  "  (Srd  Edition,  page  553.) 

4.  Estimation  of  the  siliceous  residue.  About  two  grammesf  of  the 
sample  are  put  in  a  beaker  glass,  and  covered  with  half  an  inch  of  distilled 
water ;  the  beaker  is  now  inclined  to  an  angle  of  60°,  and  some  pure  hydro- 

•  1C.D.,  F.BJS.B.,  rrofcwor  of  Bxperiment«l  Sdenoe  at  the  Thomason  CiTil  Bnglneering  College, 

Eoarkee,  and  Chemical  Examiner  to  the  Government,  N.  W.  Prorinoea. 

t  An  weights  taken  most  be  made  accurately  with  a  balance  which  will  torn  easily  with  a  mill- 
gramiDe,  when  the  aeales  ace  loaded  with  SO  grammei  each. 
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chloric  acid  is  added.  The  inclination  of  the  beaker  is  to  prevent  loss  I 
spirting  daring  the  effervescence.  When  the  effervescence  has  ceased, 
little  more  acid  is  added,  and  the  whole  is  then  slowly  evaporated  to  drynee 
The  last  part  of  the  evaporation  mast  be  done  in  an  air  bath.  As  soon  i 
the  mixture  is  qaite  dry,  aboat  half  an  ounce  more  of  distilled  water  mii£ 
be  added  along  with  a  few  drops  of  hydrochloric  acid,  the  mixtare  mad< 
warm  and  filtered ;  what  insoluble  matter  remains  on  the  filter  is  now  thor- 
oaghly  washed  with  hot  distilled  water,  the  washings  being  allowed 
to  fall  into  the  first  filtrate.  The  residue  on  the  filter  should  be  washed 
until  a  drop  of  the  washings  leaves  no  residue  when  evaporated  on  i 
bit  of  platinum  foil.  The  insoluble  residue  on  filter  is  treated  as  para.  S 
directs. 

6.  Estimation  of  the  Oxide  of  Iron,  Alumina,  ^c.  The  acid  filtrati 
and  washings  are  now  heated  to  boiling,  and  strong  liquor  ammonia  can 
tiously  added,  until  after  the  last  addition  the  mixture  smells  distinctly  o 
anmionia.  A  brownish  red  precipitate  will  have  fallen  by  this  treatment 
this  precipitate  is  now  to  be  collected  on  a  filter,  and  rapidly  washed  wit] 
boiling  distilled  water.  The  precipitate  on  the  filter  is  to  be  treated  a 
para.  11  directs. 

6.  Estimation  of  the  Lime  and  Magnesia.  The  filtrate  and  washingi 
from  the  last  operation  are  now  well  mixed  and  divided  into  two  equa 
parts,  which  may  be  called  A  and  B.  In  A  the  lime,  and  in  B  the  mag 
nesia  is  estimated. 

7.  Portion  A.  is  now  heated  to  boiling,  and  while  in  ebullition  2( 
cubic  centimetres  of  a  standard  solution  of  oxalic  acid  are  addedj*  cart 
should  be  taken  that  the  mixture  is  still  alkaline  after  the  additioi 
of  the  oxalic  acid  if  necessary,  a  few  drops  more  ammonia  should  bi 
added.  The  precipitate  of  lime  oxalate  which  has  been  produced  is  noi 
separated  by  filtration,  and  the  precipitate  is  washed  by  boiling  wate; 
8  or  4  times.  The  filtrate  is  now  wanned  to  60°  C,  2  C.C.J  of  oil  o 
vitriol  are  added,  and  a  standard  solution  of  permanganate  of  potassiun 
gradually  dropped  in,  until  its  color  remains  permanent. 

The  process  just  described  is  a  very  rapid  and  very  correct  one  for  th« 

*  Thie  Btandard  solution  of  oxalic  acid  is  xtade  by  dissolving  81*5  fprammes  of  ordinary  cryBta] 
iaed  oxalic  acid  in  a  litre  of  distilled  water.  A  label  should  be  affixed  to  this  solution,  to  the  edfec 
that  each  cubic  cent,  contains  '031  fi  of  a  gramme  of  oxalic  acid,  and  oorrespondd  to  •014  al  Urn 

ICC.  Means  cubic  centimetre. 
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jBstimaiion  of  lime,  and  where  many  limestones  or  mortars  have  to  he 
analysed  it  is  well  worth  while  to  prepare  and  keep  ready  a  small  stock  of 
the  two  standard  solutions  required.  The  preparation  of  the  permanganate 
solution  is  described  below.*  The  process  may  be  explained  thus ;  enough 
of  the  oxalic  acid  solution  is  added  to  precipitate  all  the  lime,  and  leave 
an  excess  of  itself  in  the  filtrate.  The  amount  of  this  excess  of  oxalic 
acid  is  then  determined  by  the  standard  permanganate  solution,  which 
decomposes  the  oxalic  acid  in  the  presence  of  sulphuric  acid,  and  at  a 
certain  temperature  into  carbonic  acid,  thus  :-» 

Permanganate.  Oxalic  acid.  Snlphnric  acid. 

K,  Mn  Og  +  6  (CAO4  +  4  H,  SO4 

2Mn  SO4  +  2  KHSO4  +  8  H,  O  +  10  CO, 

Sulphate  of  Manganese.  Sulphate  of  Potassinm.     Water.  Carbonic  Acid. 

While  this  action  is  going  on,  the  fine  purple  color  of  the  permanganate  dis- 
appears, but  as  soon  as  it  is  completed,  the  color  of  the  permanganate 
remains.  The  amount  of  solution  of  permanganate  used  to  produce  this 
permanent  color  is  then  read  off,  and  every  10  C.C.  of  it  correspond  to 
1  C.C.  of  oxalic  acid  solution.  All  that  is  necessary  to  complete  the 
estimation  of  the  lime  is,  from  the  permanganate  used,  to  calculate  the 
oxalic  acid  in  the  filtrate :  this  oxalic  acid  is  over  and  above  what  was 
required  to  precipitate  the  lime,  and  if  now  it  be  deducted  from  the  20 
C.C.  used,  the  remainder  has  to  be  calculated  out  as  lime,  at  the  rate  of  1 
C.C.  of  oxalic  acid  solution,  corresponding  to  *01 12  of  a  gramme  of  lime. 
The  result  should  be  multiplied  by  2,  as  only  half  the  filtrate  was  used. 

The  only  trouble  about  this  process  is  the  preliminary  one  of  prepar- 
ing the  standard  solution  of  permanganate  and  oxalic  acid,  but  once  these 
are  prepared  the  estimation  of  the  lime  is  easy  and  rapid,  and  that  can- 
not be  said  of  any  other  method  of  estimating  lime. 

8.  Portion  B  is  now  to  be  employed  for  the  estimation  of  the  mag- 
nesia :  for  that  purpose  it  is  heated  to  boiling,  and  oxalate  of  aounonium  is 
added  in  slight  excess.  The  mixture  is  then  allowed  to  stand  12  hours : 
at  the  end  of  this  time  the  precipitate  of  oxalate  of  calcium  will  have  com- 
pletely subsided.  Now  the  clear  fluid  is  separated  by  decantation,  and  the 
precipitate  collected  on  a  filter,  and  washed  with  cold  water.    The  waflh- 

•  10  grammes  of  crystals  of  permanganate  should  be  dissolved  in  a  lite«  of  distilled  water 
Tbis  Bolaiion  should  then  be  titrated  by  the  standard  solution  of  oxalic  add,  so  that  10  0.0.  of  the 
Permanganate  will  equal  1  CO.  of  the  acid. 
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ings  and  decanted  fluid  are  now  mixed,  and  ammonia  added  until  i 
solution  smells  of  it ;  and  then  solution  of  phosphate  of  sodium ;  the  wh< 
is  then  well  stirred.  If  the  stirring  is  kept  up  for  15  or  20  minati 
the  whole  of  the  magnesia  will  be  thrown  down  as  magnesium  and  ai 
monium  phosphate,  which  may  be  at  once  collected  on  a  filter  and  wash 
with  cold  water,  having  about  ^j^  of  solution  of  anmionia  added. 

9.  The  insoluble  residue  obtained  by  process  in  para.  4,  is  now,  ha 
ing  been  dried,  incinerated  along  with  the  filter  and  weighed ;  a  certa 
amount  is  deducted  for  filter  ash ;  this  amount  is  ascertained  by  incinera 
ing  10  filters,  and  dividing  the  ash  obtained  by  10.  '.Fho  weight  of  t 
residue  is  now  calculated  as  a  percentage  result,  and  entered  in  the  anal; 
sis  as  residue  insoluble  in  hydrochloric  acid  or  simply  siliceous  residue, 
contains  any  sand,  clay,  and  organic  matter  which  may  be  in  the  sample 

10.  In  the  case  of  a  hydraulic  limestone,  the  clay  in  this  insoluble  r 
sidue  ought  to  be  estimated :  for  this  purpose,  it  should  be  thrown  little  1 
little  into  a  boiling  solution  of  carbonate  of  soda  (best  boiled  in  a  silv 
vessel).  The  pure  silica  or  sand  will  be  thus  dissolved,  and  the  clay  1< 
insoluble;  it  is  only  needful  to  ascertain  the  weight  of  the  latter  aft 
thorough  washing,  drying  and  incineration. 

11.  The  precipitate  of  oxide  of  iron  and  alumina  obtained  in  pai 
5,  is  now  incinerated  and  weighed,  and  (after  deduction  for  filter  ash)  ci 
culated  as  a  percentage,  and  entered  in  the  analysis  as  oxide  of  iron,  ai 
alumina  dissolved  by  hydrochloric  acid. 

12.  The  precipitate  of  magnesia  and  ammonium  phosphate  obtained  I 
para.  8,  is  also  dried,  incinerated  and  weighed,  and  the  amount  multipli* 
by  2,  as  only  half  the  filtrate  was  used,  (it  should  be  well  dried  befo 
incineration,)  filter  ash  being  deducted.  Every  222  parts  of  the  su 
stance  weighed  contains  80  of  magnesia,  its  composition  being  the  magn 
slum  pyrophosphate  Mg^  P,  0,. 

13.  Estimation  of  Carbonic  acid.  In  the  case  of  a  limestone,  it  is  n 
needful  to  estimate  the  carbonic  acid,  as  all  the  lime,  and  all  the  maj 
nesia  obtained  in  the  analysis  may  be  calculated  as  carbonates  and  enters 
in  the  analysis  as  such.  Every  56  of  lime,  and  every  40  of  magnesia  r 
quire  each  44  of  carbonic  acid.  In  the  case  of  a  mortar,  the  carbonic  ac 
must  be  determined  as  part  of  the  lime  exists  as  hydrate  and  part  as  ca 
bonate.  About  3  grammes  of  the  finely  pounded  mortar  are  put  in 
small  fiask  fitted  with  a  chloride  of  calcium  tube,  and  a  very  small  tei 
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tobe:  in  the  latter  is  pat  some  strong  hydrochloric  acid.  The  mortar  at 
bottom  of  flask  is  covered  with  distilled  water,  the  small  test  tuhe  fall  of 
add  is  lowered  in  bj  means  of  a  piece  of  fine  platinam  wire,  so  as  to  re- 
miinnpright,  and  allow  no  part  of  its  contents  to  be  spilled.  The  chloride 
of  ctldom  tobe  fitted  to  a  cork  with  a  small  draaght  tabe,  is  then  adjasted 
to  the  month  of  the  flask,  and  the  whole  is  weighed.  Then  the  flask  is 
inclined  bo  as  to  spill  the  hydrochloric  acid  among  the  water  and  mortar 
(tlieiddshoald  only  be  spilled  over  gradaally ;)  a  brisk  efiTenrescence  en- 
neifrom  the  escape  of  the  carbonic  acid ;  when  all  the  acid  has  been  spilled 
orer,uid  effervescence  has  qaite  ceased,  a  gentle  draught  of  air  is  drawn 
through  the  apparatus  by  the  mouth ;  the  apparatus  being  now  weighed,  it 
wOl weigh  less;  the  loss  shows  tlie  amount  of  carbonic  acid. 

7L    The  following  is  given,  by  Sir  C.  Pasley,  as  a  simple  practical 
iDode  of  testing  a  stone  supposed  to  contain  hydraulic  lime  or  cement  : — 
The  stone  ought  to  be  bluish  gray,  brown,  or  of  some  darkish  color,  as  white 
indicates  pure  limestone  or  gypsum.     On  being  touched  by  the  tongue, 
the  preience  of  clay  ought  to  be  quite  perceptible  to  the  taste.     It  should 
slio  be  detected  by  its  smell  after  wetting.     It  should  only  partially  dis- 
lohe  in  dilnted  acid,*  leaving  a  more  copious  sediment  than  pare  lime- 
ito.    This  may  be  considered  the  first  chemical  test.      Should  this 
^t  be  satisfactory,  break  the  stone  into  fragments  not  exceeding  one 
ind  a  half  inches  thick,  and  put  a  few  of  these  into  an  ordinary  fire-place, 
(fint  heating  them  gradually,  that  they  may  not  break  into  too  many  small 
pieces),  and  keep  them  to  a  full  red  heat  for  about  three  hours.     Take  out 
o&e  of  the  fragments,  and  put  it  into  a  glass  of  diluted  hydrochloric  acid. 
Should  the  stone  be  just  sufficiently  calcined,  no  effervescence  will  take 
place,  and  its  original  color  will  remain  unchanged;  any  effervescence  show- 
^g  that  the  stone  is  not  sufficiently  burned.     On  the  other  hand,  should 
^e  etone  be  overbumed,  on  taking  it  out  of  the  fire,  it  will  be  of  a  darker 
wW  than  before.     Having  obtained  a  piece  properly  calcined,  pound  it 
^vt impalpable  powder;  being  very  careful  not  to  allow  any  grittiness  to 
'Bniain.    Mix  this  powder  with  a  moderate  quantity  of  water,  by  means 
^^  a  spatala  or  strong  knife,  on  a  slate  or  slab,  and  knead  it  into  a  ball 
**tween  the  hands.     It  will  soon  become  warm ;  and,  if  it  be  a  good 
"jdranlic  cement,  it  will  not  only  harden  in  the  heating,  but,  if  put  into 

hydrochloric  acid  is  the  I  est.    In  its  abacncc  Ditric  acid,  or  even  viuegM*,  may  be  luod,  aucoixl- 
^^  to  M.  BBrtWcr. 

voxh  I.— thibo  edition.  q 
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a  basin  of  ^water,  it  will  continue  hard,  and  go  on  hardening.     It  is  better 
not  to  pnt  it  into  water,  until  it  shall  have  begun  to  cool  a  little. 

The  proper  proportion  of  water  is  between  one-fonrth  and  one-half;  the 
addition  of  a  larger  quantity  making  a  yery  thin  paste,  which  will  take 
much  longer  to  set,  although  ultimately  the  slow  setting  ball  will  become 
as  hard  as  the  others.  A  great  excess  of  water  will,  however,  destroy  the 
cement.  The  balls  should  be  allowed  to  remain  in  a  basin  of  water  for  a 
long  time,  taking  one  of  them  out  at  intervals  of  ten  days  for  a  month  or 
two,  and  noting  the  hardness  of  their  interiors.  As  a  saturated  solution 
of  lime-water  would  be  very  soon  formed  in  the  basin,  the  water  should 
be  changed  daily,  in  order  to  ascertain  the  full  value  of  the  cement. 

72.    Limes  Classified.    For  practical  purposes,  Vicat's  division  of 
I  limes,  which,  although  not  absolutely,  is  still  approximately,  correct,  may 

<  be  well  adopted,  as  follows  :— 

1«^— Fat,  or  common  lime,  which  gains  no  consistency  under  water, 
remaining  in  a  state  of  paste  in  water  unchanged,  but  dissolving  wholly  in 
pure  water  frequently  changed. 

2nd.— 'Poor  lime,  which  is  a  combination  of  lime  and  sand,*  the  lime 
in  which  exhibits  the  same  phenomena,  as  if  no  sand  were  present. 

drcL— 'Slightly  hydraulic  limes,  obtained  from  limestone  containing  eight 
to  twelve  per  cent,  in  all,  of  silica,  alumina,  magnesia,  iron,  and  manganese. 
These  set  in  about  twenty  days  after  immersion,  but  in  a  year  have  not 
gained  a  consistency  greater  than  hard  soap.  They  dissolve  in  pure  water, 
but  very  slowly. 

4 1^.-— Hydraulic  limes,  from  limestones  containing  from  twelve  to  twenty 
'  per  cent,  of  the  above-mentioned  ingredients ;  these  set  in  from  six  to  eight 

.  days,  and  in  six  months  acquire  the  hardness  of  soft  stone. 

5^^.— Eminently  hydraulic  limes,  from  limestones  containing  twenty  to 
thirty  per  cent,  of  the  same  ingredients  ;  they  set  in  from  two  to  fonr  days, 
and  have  attained  great  hardness  in  a  single  month.  In  six  months  they 
resemble  the  absorbent  calcareous  stones  which  bear  cutting.  They  splin- 
ter under  a  blow,  and  present  a  slaty  fracture. 

6th. — Hydraulic  cements,  from  stones  containing  thirty  to  fifty  per 
cent,  of  argil ;  these  set  in  a  few  minutes,  and  attain  the  hardness  of  stone 
in  the  first  month. 

*  Although  nnd  is  essentially  '*  Kilica/*  still  silica  in  this  form  oonfon  no  hydnoUc  propcttieB^ 
To  do  aoi  it  most  be  in  dose  oombination  with  alumina. 
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73.  Hydraulic  Ckments. — The  term  Hydraulic  Cement  is  genermllj 
used  in  distinction  to  Hydraulic  lime.     The  former,  containing  a  large 
proportion  of  silica  and  alumioa,  and  a  smaller  proportion  of  carbonate 
of  lime  than  the  latter,  does  not  slake,  and  sets  generally  in  a  fevr  minutes 
even  under  water.     Hydraulic  limes  on  the  other  hand,  slake  thoroughly 
and  harden  slowly  under  water.     Some  limestones  exist  which,  when  com- 
pletely calcined,  yield  hydraulic  lime ;  but  when  imperfectly  calcined,  yidd 
cement.     Other  limestones,  such  as  chalk,  when  imperfectly  calcined,  or 
too  much  calcined,  yield  fairly  hydraulic  limes ;  while,  if  they  be  calcined 
merely  up  to  the  poiut  where  all  the  carbonic  acid  is  driven  ofi,  and  no  far- 
ther, they  yield  a  Ume  which  neyer  solidifies  under  water.     Other  lime- 
stones yield  on  calcination  a  result  which  can  neither  be  termed  lime  nor 
cement,  owing  to  its  slaking  very  imperfectly,  and  not  retaining  the  hard- 
ness which  it  quickly  takes  when  first  placed  under  water. 

74.  Roman  Cement.  The  natural  hydraulic  cement,  best  known  in 
England,  is  that  which  is  termed  "Roman,"  or,  " Parker's  Cement"  The 
stone  is  found  in  the  form  of  nodules  in  the  island  of  Sheppey  and  else- 
where in  the  London  clay.  The  composition  of  these  nodules  is  almost 
the  same  as  that  of  the  Boulogne  pebbles,  from  which  a  similar  cement  is 
made.  Before  being  burnt,  the  stone  is  of  a  fine  close  ^ain,  of  a  rather 
pasty  appearance ;  the  surfaces  of  fractures  being  greasy  to  the  touch.  It 
sticks  easily  to  the  tongue ;  its  dust,  when  scraped  with  the  point  of  a 
knife,  is  a  grayish  white.  During  the  calcination,  the  stone  loses  about 
one-third  of  its  weight,  and  the  color  becomes  of  a  brown  tinge,  dif- 
fering with  the  stones  from  which  the  cement  is  made.  It  becomes  soft 
to  the  touch,  and  leaves  upon  the  fingers  a  very  fine  dust ;  it  sticks  very 
decidedly  to  the  tongue.  When  taken  out  of  the  kiln,  it  absorbs  water 
with  much  difficulty.  It  }s  usually  burnt  in  conical  kilns,  to  an  extent 
sufficient  to  drive  off  the  carbonic  acid,  and  it  is  then  pulverized  by  the 
manufacturer ;  and  sold  in  well  closed  casks.  In  Russia,  America,  India, 
and  elsewhere,  similar  natural  cements  have  been  met  with  ;♦  but,  as  they 
are  comparatively  rare  and  expensive,  much  attention  has  been  bestowed 
on  finding  or  inventing  a  substitute  for  them. 

75.     Pasley's  Cement,     Vicat  was  the  first  to  point  out  the  method  of 
forming  an  artificial  hydraulic  cement  by  the  mixture  of  lime  and  imbumt 

•  Carbonate  of  magnesia  alone  bos  been  found  to  yield,  on  ( alcination,  an  excellent  hyclrauHo 
cement.  When  mixed  vrilb  one  and  a  half  times  its  bulk  of  Fand,  it  mokes  a  beautiful  hard  plaster 
or  Btncco* 
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daj;  tnd  General  Pasley  afterwards,  in  a  most  elaborate  series  of  expert* 
laents,  proved  that  a  hydraulic  cement  might  be  formed  equal  t9  the  best 
obtained  from  natural  sources.  General  Pasley's  experiments  were  made 
priocipally  witli  chalk  lime,  and  the  blue  alluvial  clay  of  the  riyer  Medway, 
near  Chatham.  The  result  he  arrived  at  was,  that  a  mixture  of  4  parts  by 
weight  of  pure  chalk  perfectly  dry,  with  5*5  parts,  also  by  weight,  of  allu- 
rialdaj,  fresh  from  the  Med  way,  or  of  10  parts  of  the  former  with  13| 
of  the  latter,  would  produce  the  strongest  artificial  cement  that  could  be 
midi  by  any  combination  of  these  two  ingredients.  The  weight  of  the 
Uoeday  be  found  to  be  ninety  pounds,  and  of  the  dry  chalk  powder  forty 
poondB,  per  cubic  foot. 

His  method  of  proceeding  was  as  follows  : — The  clay  was  weighed 

when  fresh  from  the  river  (taken  from  about  eighteen  inches  below  the 

mfioe),  and  was  never  dug  unless  required  at  once  ;  it  being  found  that 

eien  twenty  four  hours  exposure  to  the  atmosphere  injured  it.     The  chalk 

wu  not  weighed  until  well  dried  and  pounded,  owing  to  its  extraordinary 

retentiTaiess  of  moisture.    The  chalk  was  then  mixed  with  water  into  a 

thick  paste.     The  chalk  and  clay  were  then  each  separately  divided  into 

portions  or  lumps  as  nearly  as  possible  equal,  and  put  alternately  into  a 

pag-mill  of  the  ordinary  description,  where  they  were  most  thoroughly  and 

intimately  mixed.     The  raw  cement  thus  formed  was  then  made  up  into 

halls  of  about  two  and  a  half  inches  in  diameter,  and  placed  in  the  kiln 

•Iternately  with  about  equal  layers  of  fuel — a  layer  of  fuel  always  being 

*t  the  top  and  bottom.    The  fuel  used  was  coke,  in  preference  to  coal ;  and, 

in  the  small  furnace  or  kiln  used  by  Sir  C.  Pasley,  three  hours  was  found 

to  be  about  the  average  time  required  for  burning  the  cement.     As  the 

Reined  cement  was  drawn  from  the  bottom  of  the  kiln,  fresh  cement  could 

**  pot  in  at  the  top.     The  balls,  on  being  raked  out,  could  be  tested  by 

*PP'jing  to  them  diluted  hydrochloric  acid.     If  sufficiently  burned,  no 

^"^escence  ensued  ;  but  if  they  effervesced,  they  were  put  into  the  top  of 

***  iihi  again  to  be  rebumt.     (See  para.  71  j.     The  calcined  cement  balls, 

*^  they  would  not  slake  like  ordinary  lime,  were  then  ground  to  impal- 

W>Ie  powder,*  and  stored  for  use,  so  that  they  should  not  be  exposed  to 

^  atmosphere.     The  average  out-tarn  was  about  nine  and  a  half  measures 

'  ^ailcined,  out  of  ten  measures  of  raw,  cement. 

metliod  osnally  adopted  in  practice  for  giinding  hydranlic  cement  Is  first  to  break  the  burnt 
Into  uaaXl  fragmente,  either  under  iron  cylinders  or  in  milla  suitably  formed  for  this  purpose, 
to  grind  the  fragmentt  between  a  pair  of  stones,  or  to  crush  them  under  an  iron  roller. 
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Where  only  hard  limestone  is  to  bo  obtained,  General  Pasley  snggesti 
that  instead  of  grinding  it,  which  would  be  often  a  difficult  and  expensira 
operation,  it  is  better  to  bum  the  limestone  and  slake  it  before  mixing  it 
with  the  clay. 

The  above  propoi*tions  formed  the  best  artificial  cements ;  bat  he  his 
also  recorded  as  follows  : — "  After  due  investigation,  we  found  that 
any  given  weight  of  well  burned  chalk  lime,  and  consequently  of  any 
other  pure  quick  lime,  fresh  from  the  kilns,  combined  with  twice  its  own 
weight  of  blue  clay,  fresh  from  the  river,  will  form  an  excellent  water 
cement;*  observing,  however,  that  the  quick-lime,  after  being  weighed, 
must  be  slaked  with  excess  of  water  into  a  thinnish  paste,  and  allowed  to 
remain  in  that  state  about  twenty-four  hours  before  it  is  mixed  with  the 
clay. 

76.  Portland  Cement. ^The  best  known  of  all  English  artificial  ce- 
ments, Portland  cement,  is  formed  from  the  ingredients  used  by  Sir  0. 
Pasley,  but  with  different  proportions ;  eight  or  nine  parts  of  chalk  (eon- 
taining  about  7 J  per  cent,  of  clay)  being  mixed  with  two  parts  of  mad 
(containing  about  70  per  cent,  of  alumina  to  30  per  cent,  of  silica).  It 
takes  its  name  from  its  likeness  in  color  to  Portland  stone,  bat  is  inno 
way  connected  with  it.  The  ingredients  are  chalk  and  the  mud  of  the 
river  Med  way,  in  the  neighbourhood  of  which  it  is  chiefly  manafac  tared. 
The  ingredients  are  passed  through  a  crushing  mill  and  carried  off  by 
water  into  large  shallow  vats  (60'  x  40'  x  S').  The  sediment  that  is 
deposited  is  dried  in  an  oven,  and  burned  in  a  kiln  with  alternate  layers  of 
coke,  at  a  very  high  temperature ;  until  it  is  in  a  state  of  incipient  vitrifae- 
tion.  This  excessive  burning  is  the  distinctive  feature  of  its  manufacture. 
It  is  now  crushed  between  two  iron  wheels,  ground,  and  carefully  packed 
in  three-bnsbel  casks.  The  ground  cement  should  be  spread  oat,  and 
allowed  to  cool  for  some  days  on  a  dry  floor  before  it  is  packed,  as  this 
**air  slaking"  (perhaps  by  killing  any  particles  of  pure  lime  which  renudn 
in  an  active  state)  is  most  beneficial  to  it.  When  this  is  not  done  the 
danger  of  the  use  of  this  cement  is,  that  it  is  apt  to  swell  in  the  joints  of 
masonry  after  being  applied;  but  it  is  admirably  adapted  for  buildings 
exposed  to  the  action  of  water,  and  for  external  plastering,  as  it  sets  very 
fist  and  attains  great  hardness,  and  does  not  allow  of  the  formation  of 

*  Those  proportionB  by  weight  ore  nearly  equivalent  to  a  mixtaro  of  6  measane  chalk  powder  to 
2i  meaBures  of  bine  clay.  Since  b')!i  grains  of  quick>lime  are  the  prodnce  of  1000  grains  dry  chalk, 
which  in  a  state  of  powder,  will  fill  0  measures  ;  of  which  1110  graina  of  clay  will  fill  2| 
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^cgfetaUon,  as  the  natural  cements  do.    Portland  cement  does  not  set  so 

^oickly  as  Roman  cement,  and  if  used  ander  water  must  be  at  first  pro- 

'tiaetod  from  corrents,  natural  or  artificial :  but  it  sets  harder  under  still 

"prater  than  it  does  in  air,  and  stands  the  action  of  any  carrent  after 

liaring  been  allowed  two  days  to  set.    If  kept  dry  in  casks  it  rather  im- 

prores  by  age,  whereas  Boman  cement  loses  strength  considerably.    It 

has  ihree  times  the  strength  of  Boman  cement,  and  will  safely  bear  an 

admixture  of  8  to  4  equal  volumes  of  clean  sharp  sand.     Salt  water  is 

as  good  for  mixing  with  it  as  fresh.     Portland  cement  of  the  very  first 

quality  could  be  delivered  at  Delhi  from  London  at  Rs.  23  per  400  lbs. 

cask,  or  at  Rs.  5-2-0  per  cubic  foot  of  cement. 

77.  Various  other  cements  have  been  invented,  among  which  the 
Medina  cement,  made  from  the  Hampshire  septaria,  and  Atkinson's  ce- 
ment, made  from  the  lias  limestone,  are  well  known  in  England. 

78.  Scott's  Cew«n^.— Within  the  last  few  years,  a  very  remarkable 
eem^it  has  been  invented  by  Colonel  H.  D.  Y.  Scott,  Boyal  Engineers. 
The  process  is  as  follows  ;*  The  limestone  is  first  burned  to  quick -lime 
in  the  ordinary  way ;  it  is  then  placed  in  a  layer  of  about  1^  to  2  feet 
over  the  perforated  arches  of  an  oven,  and  bronght  to  a  dull  glow.    The 
fire  is  then  raked  out,  every  orifice  closed,  and  two  pots  containing  coarse 
unpurified  sulphur  are  pushed  in  on  the  fire  bars,  and  ignited  so  as  to  dist- 
ribute pretty  eqnally  the  fumes  of  the  sulphur ;  the  allowance  being  fif- 
teen pounds  of  sulphur  to  one  cubic  yard  of  lime.     When  it  is  all  con- 
sumed, the  oven  may  be  opened,  and  the  cement  taken  out  when  cool. 
Hie  fire  is  applied  for  about  four  hours,  and  the  whole  process  takes  one 
day.     It  is  then  ground  and  sifted  through  a  sieve  of  thirty  meshes  to  an 
inch,  and  spread  out  on  a  floor  for  a  day  before  packing.     If  the  cement 
be  prepared  from  a  pure  or  feebly  hydraulic  lime,  puzzuolana  must  be 
mixed  with  it,  to  enable  it,  to  resist  the  immediate  action  of  water ;   one 
part,  or  rather  more,  of  puzzuolana  being  added  to  two  parts  of  cement. 
When  used  for  plaster,  it  is  mixed  with  an  equal  measure  of  ground  chalk. 

79.  Captain  Smith,  in  his  edition  of  "Vicat  on  Mortars  and  Ce- 
ments," observes  that  the  expense  and  difficulty  attending  the  grinding 
of  hydraulic  cement,  which  is  such  an  essential  element  of  its  success, 
must  very  much  preclude  it  from  use  in  situations  where  this  mechanical 
agency  is  not  readily  to  be  met  with ;  and  that,  consequently,  its  use  is 

Ste  B.E.  Profeesional  Papers,  New  Series,  Vol.  X. 
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better  adapted  for  the  vicinities  of  great  towns,  where  the  bailder  maj 
obtain  it  ready  ground  from  the  manafactorer,  or,  at  least,  where  he  is 
not  destitute  of  machinery  and  dependent  on  unskilled  labor.  AdmittiDg 
the  truth  of  this  argument,  instances  may  frequently  happen  where  it  is 
worth  almost  any  money  to  procure  a  fast  setting  cement.  As  in  a  case 
which  very  often  occurs  in  the  great  irrigation  works  of  India,  where 
some  repairs  have  to  be  made  in  a  canal  fall,  or  in  a  revetment  exposed 
to  the  full  force  of  the  stream,  and  where  it  is  most  prejudicial  to  the 
irrigation  to  close  the  canal  for  more  than  a  week  or  two. 

80.  Colonel  H.  A.  Brownlow,  R.E.,  when  in  charge  of  the  Eastern 
Jumna  Canal,  in  a  case  of  this  sort,  made  a  most  excellent  cement  from 
the  stone  lime  and  brown  alluvial  clay  procured  near  the  head  of  his 
canal,  following  the  directions  given  in  para.  75,  and  it  very  well  repaid 
the  trouble  and  expense  laid  out  on  it. 

81.  Hydraulic  cement  has  also  been  made  with  considerable  success 
in  Madras  and  at  h^ingapore.  Lieut.  Morgan,  on  the  Eastern  Coast  Canal, 
six  miles  north  of  Madras,  made  a  cement  of  7  measures  of  shell  lime  to 
5  measures  of  clay,  following  closely  Pasley^s  rules  for  mixing  and  burn- 
ing it.  If  applied  under  water,  this  cement  hardened  in  24  hours ;  if 
applied  dry  and  water  let  on  it  in  half  an  hour,  it  hardened  in  8  or  10 
hours.  The  same  cement  mixed  with  an  equal  quantity  of  soorkee  hard- 
ened in  48  hours  under  water,  or  in  12  to  24  hours  if  allowed  half  an  hour 
before  the  water  was  let  on  it. 

The  cost  of  this  cement  was  not  more  than  4  annas  per  "  parah "  of 
4,000  cubic  inches. 

Captain  Man,  at  Singapore,  found  he  could  make  a  similar  hydraulic 
cement,  of  excellent  quality,  using  5  measures  of  slaked  lime  to  2  of  fresh 
blue  clay.* 

82.  The  following  rules  for  the  manufacture  of  Hydraulic  Cements 
in  India  are  those  recommended  by  Colonel  H.  A.  Brownlow,  B.E.,  Chief 
Engineer  for  Irrigation  in  the  N.  W.  P. 

The  pure  rich  lime  of  the  lower  Himalayan  ranges  wouM  be  the  best  substitntc  for 
chalk.  Pnictically,  it  is  chalk  with  the  carbonic  acid  driven  <»ff,  and  by  its  use  we 
should  save  much  wear  and  tear  in  «;rinding  and  mixing  it  with  the  day.  The  harder 
limc-stoues  would  rcijuirc  stone-crushers  and  extremely  hard  milUstoncs  to  pulvcriife 
them. 

*  Rcportjj  of  tbc  Jurios  of  the  Madras  Exhibition  of  18^7,  paj^  177. 
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Tliecli^ihoald,  if  posuble,  contain  oxides  of  iron,  in  any  proportion  np  to  15 
percent ;  bat  if  this  cannot  be  secnred,  any  compact  greasy  clay  free  from  utnd  will 
loiwcr  our  pm-poae,  although,  perhape,  not  qnite  bo  well  as  the  other.  The  propor- 
tioo  of  pure  lime  added  can  always  be  modiiied  according  to  the  chemical  composition 
ol  the  eUj  used. 

The  lime  and  the  clay  which  it  is  proposed  to  mix  mnst  be  first  thoroughly  dried 
in  the  nm,  bat  the  clay  should  be  used  as  fresh  as  possible,  and  any  exposnre  of 
jt  tonn  sod  air»  forther  than  that  absolutely  necessary  to  dry  it,  should  be  care- 
en/tidded. 

The  naterial  must  4hen  be  separately  pounded,  either  by  hand  or  any  simple 
Dsehine,  into  pieces  not  larger  than  a  pea,  and  the  ponnded  materials  should  be 
MRened  lo  as  to  ensure  the  exclusion  of  coarse  lumps. 

The  pounded  materials  should  then  be  passed  in  certain  definite  proportions  through 
I  hopper  between  a  pair  of  ordinary  flour  mill-stones  adjusted  so  as  to  grind  tbeni 
ai  fine  IS  flour.  It  will  save  much  wear  and  tear  and  do  the  work  more  thoroughly, 
if  the  materials  are  passed  through  tivo  pair  of  stones  in  succession,  the  first  pair 
idjiuted  to  grind  more  coarsely  than  the  second. 

The  exact  proportions  of  lime  and  clay  to  be  cmployeil  will  depend  upon  the 
diemidl  ooostitnents  of  the  materials  used,  and  must  be  fixed  on  the  spot.  General- 
ly ipeekiDg,  there  should  not  be  less  than  40,  or  more  than  60,  per  cent,  by  weight  of 
pue  lime,  and  from  60  to  40  per  cent  of  clay.  Having  been  fixed,  the  proportions 
mutbe  most  carefully  adhered  to,  as  any  carelessness  in  this  matter  will  of  course 
^titte  ill  foture  operations. 

ThepolTerised  material  should  then  be  mixed  in  a  cylindrical  vat  with  a  graduated 
Kile  on  its  Bide,  in  the  proportion  of  thirty  volumes  of  powder  to  t«n  of  boiling 
viter,  in  which  hn»  been  mixed  ^th  volume  of  calcined  soda  and  4  l^*  of  freshly* 

burnt  and  slaked  lime. 

From  the  vat,  remove  the 
mixture  to  a  basin  in  which  a 
couple  of  mill-stones  should 
be  made  to  revolve  on  their 
eilgc8  round  a  vertical  shaft 
a8  in  the  case  of  a  steam 
mortar    mill.      The    basin 
should    be    only  just  large 
enough  for  the  stones  to  re- 
volve in,  should  be  carefully 
and    smoothly    paved   with 
hanl   stone,  and  should   bo 
surrounded  by  a  rim  of  wood 
or  masonry  8  inches  to  12 
inches   high.      The   stones 
^'"Jd  be  fixed  at  slightly  unecjual  distances  from  the  vertical  shaft,  so  as  not  to  run 
^*acUy  in  gjgjj  other's  tracks,  and  at  the  outset  I  should  think  it  would  amply  suflice 
'  **H>ve  tlem  by  animal  power  us  shown  in  sketch.    They  could  afterwards  be  easily, 
^^ecteU  with  the  water  wheel  that  drives  the  mills. 

vol..  I. — ^THIKD   EDITION.  R 
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From  the  edge  nmnera,  the  mixtiire  should  be  taken  to  a  pag-mill,  and,  whn 
thorooghly  pugged,  (being  passed  through  the  pug-mill  2  or  8  times  if  neceaMoy,) 
should  be  cut  off  in  small  bricks  or!  lumps,  not  exceeding  2  inches  or  2|  indMf  Ib 
thioknen,  m  it  eomes  out  of  a  shoot  fixed  at  bottom  of  mill. 

It  may  not  be  amiss  to  remark  here  that  too  much  pains  cannot  be  bestowed  on  tbi 
thorough  incorporation  of  the  raw  materials,  and  in  keeping  them  dean  and  frn 
from  sand  and  foreign  ingredients  during  the  process.  As  far  as  any  chemical  aotloB 
is  concerned,  the  day  remains  almost  inert  after  the  mixture  has  attained  a  dnll  fed 
heat,  so  that  it  is  most  important  to  bring  it  into  the  closest  contact  with  tiM^^me 
before  the  burning  commences.  The  presence  of  sand  tends  to  produce  yitrifietkm 
during  burning,  and  is  most  prejudidal  to  the  cement ;  clay  containing  more  tiia& 
^  of  sand  should  be  rejected. 

M.  Lipowitz  objects  to  drying  in  the  air,  and  quotes  two  examples  where  doing 
80  was  found  to  be  most  injurious  to  the  cement.  But  the  English  mannfactoren 
expose  their  raw  cement  freely  to  the  air  in  the  reservoirs,  where  it  sometimes  lies 
for  a  couple  uf  months  before  it  is  burned  ;  and  in  one  factory,  I  saw  it  being  wheel- 


ed direct  from  the  drying  reservoirs  to  the  kilns.    So  that,  until  experience  shows 
in  India  that  kiln-dried,  is  stronger  than  sun-dried,  cement,  I  should  reooi 
stacking  the  blocks  of  raw  cement,  as  removed  from  the  pug-mill,  in  drying 
like  bricks. 

When  thoroughly  dry,  the  blocks  of  raw  cement  should  be  burned,  dther  in  dim] 
with  dried  cow-dung,  or  in  a  good  lime  kiln  with  thoroughly  dry  wood,  or 
charcoal,  as  experience  on  the  spot  may  show  to  be  most  advantageous.    The 
degree  of  exposure  to  heat  should  be  ascertained  and  carefully  adhered  ta 
higher  the  heat  to  which  it  is  exposed  the  greater  the  density  of  the  cement, 
greater  also  its  strength  and  its  ultimate  degree  of  induration  ;  while  the  lighti 
cements  have  the  property  of  setting  more  rapidly. 
The  burnt  cement  should  then  be  pounded  until  it  can  pass  through  a  screen  wil 

meshes  the  size  of  a  pea,  and  finally  bo  ground  as  fine 
80  that   it  can   pass  through  a  No.  GO  gauge  sieve  (36L_^ 
meshes  to  a  square  inch).    It  should  then  be  allowed  to 
thoroughly  on  a  dry  floor  before  packing. 

The  cheapest  packing  for  India  would  be  in  bags  or 
These  would  not  have  any  sea  voyage  to  undergo,  and 
ceraent  would,  in  all  probability,  be  used  tolerably 
Where  it  had  to  be  sent  long  distances,  small  barrels 
doubtless  be  purchased  at  advantageous  rates  from  the  n< 
est  commissariat  dep6t. 

A  number  of  samples  should  be  made  up  of  cements 

¥"^     "*"       med  according  to  these  directions.   The  samples,  when 
should  be  finely  pulverised,  and,  when  cool,  should  be  mouE^ 
ed  into  bricks  of  the  form  shown  by  the  shaded  portion     <■ 
marginal  diagram.     There  should  be  at  least  a  dozen  bric7& 
Thick«Mof  brick=:i|  inchw.    ^^  ^f.]^   sample,  and  they  should  be  allowed  to  set  under  s^tii 

water  for  seven  days  after  they  have  been  taken  out  of  the  moulds.     The  lower*  ^ 
the  two  iron  clips  shown  in  the  diagram  should  then  be  loaded  until  the  bricks  are 
in  two,  and  if  any  of  the  samples  prove  themselves  capable  of  supporting  an 
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weight  of  2£S  to  SoO  Iba.  OD  tbe  area  I }  inch  nqnare  (or  2}  aqoarc  icehea),  I  think 
we  msT  eafelj  (tdvetitare  apou  the  mannfactiire.  I  have  been  particular  in  giving 
dlmensionB  of  the  umpla  brick,  u  I  wish  to  adhere  as  exectlj  as  possible  to  the  form 
of  teat  genernllj  osed  in  England.  It  nonid  be  instmctiTe  and  intereatiiig  to  make 
np  and  treat  in  the  same  way  bricks  at  tbo  best "  knakm-"  lime. 

The  samplei  mentioned  abore  shonld  be  carefallj  made  np  in  the  manner 
laid  dona,  accnratelv  labelled,  and  tested.  The  strongest  composition  having  been 
thns  ascertained,  iteadj  and  persevering  efforts  at  economical  prodnction  mnst  be 
made.  I  am  moatstrongi;  convinced  of  tbe  good  policy  of  beginning  in  the  simplest 
manner,  comustent  with  economy  and  efficiency.  Mistakes  can  then  be  easily  and  in- 
expensively rectified.  Tbe  nte  of  the  factory  shonld,  from  the  very  first,  be  laid 
ont  with  an  eye  to  cxpantion  of  bosiness,  and  economical  working  on  a  large  scale. 
There  ihonld  he  no  carrying  backwards  and  forwards,  the. general  arrangement 
of  the  woika  being  eomeirhat  at  iDdicBt«d  below. 


xa» 

Eln. 

In  conclnsion,  I  mnst  add  a  few  words  on  the  manipulation  of  the  mannfactnred 
eemeot,  which,  are,  I  think,  necessary,  as  it  has  not  been  hitherto  extensively  used  in 
India,  and  the  best  cement  may  be  ntterly  mined  by  careless  handling  on  the  work*- 
lit  tilt  firit  place,  mlyj*tt  to  mucft  of  it  o»  U  required  for  immtdiatt  uit  ihovld  be 
made  tip  at  aity  one  timf,  at  trlirn  anct  it  liat  commtnnrd  to  harden  it  cannot  be 
worked  up  again  like  a  mortar  contuniog  rich  lime.    In  mixing  it  with  aand  or 
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gravel,  the  ingredUnU  should  be  well  mixed  iogtther  m  a  dry  atate^  before  any  wile; 
is  added.  In  adding  the  water,  only  ponr  in  cnoagh  to  make  a  stiff  paste,  as  floodini 
the  cement  is  most  prejadicial  to  it  The  sand  used  shonld  be  dean  and  sharp,  an( 
when  cement  is  nsed  in  brick-work  the  brieke  must  be  thoroughlif  saturated  in  waie 
before  vee,  otherwise  they  will  absorb  the  moisture  necessary  for  the  proper 
of  the  cement  When  used  under  water,  cement  must  until  it  has  set,  be 
from  any  current 

83.  Htdraulio  Limes. — Hydraalic  Limes  are  of  much  use  for  all  ih< 
ordinary  conditions  of  building,  as  on  the  one  hand  where  the  building  i 
not  likely  to  be  exposed  immediately  to  the  action  of  water,  and  where  i 
action  is  not  severe ;  or  wliere  on  the  other  hand  it  would  be  improper  to 
use  pure  limes,  as  explained  before.     In  the  use  of  hydraulic  limes,  more- 
over, there  is  far  less  danger  than  in  the  case  of  cements,  of  an  unskillecf 
or  careless  bricklayer  spoiling  the  work. 

Nfatural  hydraulic  limes  vary  much  in  character,  containing  from  8  to  80 
per  cent,  of  clay.  Indeed  the  larger  proportion  of  limes  comes  into  this 
class,  especially  of  the  hard  blue  limestones ;  but  their  color  or  hardness, 
must  not  be  taken  as  a  certain  test.  Their  properties  have  been  knowa 
since  the  time  of  the  Romans;  but  Smeaton  while  experimenting  for  the 
Eddystone  Light -house,  was  the  first  to  detect  that  the  reason  of  their 
being  able  to  set  under  water  lay  in  their  containing  a  portion  of  clay. 
To  this  class  belong  most  of  the  kunkurs  of  this  country,  and  the  blue 
Lias  lime,  so  well  known  in  England. 

84.  Where  natural  hydraulic  limestones  are  not  found,  their  plaoe  maj 
be  supplied  artificially  in  the  same  way  as  in  the  case  of  hydraulic  cements ; 
and,  as  Vicat  remarks,  these  artificial  limes  have  this  advantage,  that  by 
being  able  to  regulate  the  proportions  of  the  ingredients,  we  can  give  than 
whatever  degree  of  energy  we  please,  and  cause  them  at  pleasure  to  eqnal 
or  surpass  the  natural  hydraulic  limes.  All  writers,  however,  agree  that 
it  is  better  to  use  a  natural,  than  an  artificial,  hydraulic  lime,  when  the 
former  can  be  readily  procured, 

Yicat  has  divided  his  artificial  hydraulic  limes,  into  two  classes ;  Isti 
Those  made  out  of  slaked  limes  and  a  certain  proportion  of  clay,  the  mix- 
ture being  then  calcined ;  2ndly,  Those  made  from  any  very  soft  calcareons 
substance,  such  as  chalk  or  tufa,  reduced  to  a  paste  in  water  and  then 
mixed  with  clay  and  burned.  The  second  method  is  much  the  cheaper,  but 
according  to  Yicat,  not  so  good  as  the  first,  <'  in  consequence  of  the  rather 
less  perfect  amalgamation  of  the  mixture.     In  fact  it  is  impossible  by  mere 
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necbiucal  agency  to  reduce  calcareons  substances  to  the  same  degree  of 
fioeoess  as  slaked  lime."  It  appears  that  General  Pasley  did  not  find 
this  diiadTantage  in  his  chalk  experiments. 

85.  The  following  is  the  way  in  which  the  first  of  these  two  processes 

htt  been  carried  out  in  France.     The  lime  being  slaked  to  powder  was 

dirided  into  portions  of  8-8  cubic  feet  (^  cubic  metre)  each,  and  with 

eaeh  of  these  was  mixed  1*059  cubic  feet  (0  m.  03  cent.)  of  gray  clay  which 

had  been  dried,  reduced  to  fragments,  and  beaten  into  fine  pulp  with  water. 

He  Jime  and  clay  were  together  beaten  with  pestles  into  a  paste.     The 

portions  were  then  accumulated  into  large  heaps,  which  were  allowed  to 

man  so  great  a  consistency  as  to  admit  of  their  being  cut  into  frag- 

Beota  by  a  shovel.    These  fragments  were  spread  out  to  dry  and  then 

hunt  in  the  kiln. 

86.  At  Meudon,  near  Paris,  hydraulic  lime  is  made  according  to  the 
aeoond  method  above  given,  as  follows : — 

Tbe  materials  used  are  the  chalk  of  the  country  and  clay  (containing 
alomina  68,  silica  28,  oxide  of  iron  7).  The  clay  is  broken  into  Inmps, 
the  suBA  of  one*8  fist.  Four  measures  of  chalk  and  one  of  clay  are  thor- 
oughly mixed  together  in  a  circular  basin  of  6^  feet  radius,  under  a  mill-stone 
set  up  edgeways,  and  a  strong  wheel  attached  to  a  set  of  harrows  and  rakes, 
which  revolve  in  it  by  a  two-horse  gin ;  the  basin  being  kept  supplied 
bj  water.  After  an  hour  and  a  half  working,  nearly  85  cubic  feet  of  a 
thin  pulp  is  obtained,  and  drawn  off  by  a  conduit  and  passed  through  a 
■erics  of  reservoirs,  where  the  solid  material  sinks  to  the  bottom,  leaving 
the  water  to  be  carried  off  into  the  next  reservoir,  and  ultimately  drained 
into  a  cesspool.  The  sediment  left  is  now  moulded  into  solid  prisms 
(about  78  cubic  inches)  and  these  prisms  are  thoroughly  dried  and  then 
burnt  in  the  kiln  in  the  usual  way. 

It  will  be  observed  that  this  process  is  very  similar  to  the  one  employed 
for  making  Portland  cement  (para.  76),  and  that  the  ingredients  used  are 
the  Mme;  the  essential  point  ot  difference  being  that  in  the  Meudon 
hydraulic  lime  manufactory,  calcination  stops  when  all  the  carbonic 
Mcid  gas  has  been  driven  off  ;  whereas  in  the  case  of  Portland  cement  it 
is  pushed  to  a  point  which  produces  vitrification  in  a  considerable  portion 
of  the  kiln. 

87.  At  Eurrachee,  artificial  hydraulic  lime  has  been  very  successfully 
made  by  Mr.  Price,  the  Superintendent  of  the  Harbour  Works. 
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Ordinary  rich  (fat)  lime  slaked  to  powder,  is  mixed  with  clay,  in  ih( 
proportions  of  5^^  parts,  hy  measnre,  of  lime,  to  1  part  of  clay. 

The  rich  lime  used  has  been  generally  made  from  the  hard  ciystallint 
limestone  procured  from  the  "  Qizree  '*  hills,  near  Rnrrachee.* 

The  clay  is  procured  in  situ  from  the  bed  of  the  Lyaree  river,  and  is  o 
the  description  that  might  be  used  for  bricks  or  coarse  pottery. 

The  mixture  of  the  lime  and  clay  is  made  in  a  mortar  pan  worked  b; 
steam  power ^f  a  sufficient  quantity  of  water  being  added  to  bring  it  to  th 
consistency  of  moderately  stiff  mortar.  The  amalgamation  should  b 
very  thoroughly  effected,  as  upon  this  greatly  depends  the  quality  of  th 
lime.} 

The  mixture  is  then  made  by  hand  into  balls  of  about  the  size  of  . 
large  orange  which  are  laid  out  on  the  ground  in  the  sun  to  dry.  Whei 
thoroughly  dried,  which  takes  from  two  to  six  days  according  to  the  wea- 
ther, the  balls  are  burned  in  a  kiln ;  or  if  the  lime  is  not  likely  to  be  soon 
required,  they  are  stored  in  a  shed.  It  is  most  important  that  the  ballfl 
should  be  thoroughly  dried  before  burning. 

Some  further  details  regarding  this  Enrrachee  lime  will  be  found  in 
paras.  105  and  106. 

88.  Hydraulic  Mortars.  Along  with  hydraulic  limes  may  be  dus- 
ed  those  hydraulic  mortars  which  are  formed  from  a  mixture  of  common 
or  feeble  hydraulic  lime  with  a  natural  or  artificial  puzzuolana.§  The  two 
principal  natural  ingredients  in  Hydraulic  mortars  are  puzzuolana  and  trass. 
The  former,  a  volcanic  dust  from  the  neighbourhood  of  Mount  Vesuvius, 
in  Italy,  was  used  as  early  as  the  time  of  the  Bomans,  as  we  find  from  Yit- 
ruvius ;  it  was  not  used  in  England  until  Smeaton  employed  it  in  building 
the  Eddystpne  Light- house.  Trass  is  a  similar  volcanic  product,  found 
near  Andemach,  on  the  Bhine. 

89.  Aden  pumice  is  used  in  Bombay  as  a  puzzuolana,  and  gires  ex- 
cellent results,  it  is  mixed  with  equal  parts  of  Salsette  lime  and  sand, 
to  form  mortar.  Its  analysis  by  Dr.  Lyon  shows,  its  constitution  to  be 
as  follows. — 

w  Shell  lime  wonid  probnbly  be  fonnd  a  tolerable  substitute  where  limestone  is  not  easily  aTaHable, 
t  At  the  Roree  regulating  bridge,  the  mixture  was  made  by  a  stone  roller,  running  in  a  drcalai 

trough  oi  brictwork  and  worked  by  bullocks. 
X  If  the  mixture  is  properly  made,  the  balls  after  drj'ing  should  show  a  uniform  gray  color  when 

broken,  the  white  specks  of  lime  not  being  easily  distinguishable. 
$  Vicat's  nomenclature  has  been  adopted  in  calling  all  those  ingredients  of  mortar  containing 

burnt  clay, "  artificial  pnzzuolanas." 
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Water,          1*84       Water,       1*84 

/>                                                 An^m    (    Sulphate,  of  Lime,         ..  86-41 

^yP»™'        *^*^^   i   Water  of  Combination,  ..  9-64 

SiUca,       81-00 

Alomnia, 5*17 

SUieatet,  &0., 58*11  ^  Se^iaioxide  of  Iron,       ..  805 

Magneaia, 0*57 

Alkaline  baies.  Water  and  losi,  12*82 


100*00  100*00 

The  chief  ingredients  of  trass  and  pnzzuolana  are  burnt  silica  and 
alamina ;  and,  in  imitation  of  them,  many  artificial  compounds  of  claj  have 
been  formed,  and  are  largely  used.  These  are  frequently  termed  "  artifi- 
cial puzzuolanas."  The  pounded  brick,  or  "  soorkee,"  of  this  country,  is 
one  of  this  class. 

General  Treussart  has  recorded  very  fally  a  series  of  experiments  made 
by  him  on  the  formation  of  artificial  puzzuolanas  from  the  calcination  of 
cUy.    The  conclusions  he  arrives  at  were : — 1st,  That  the  presence  of  lime 
in  the  clay  burnt  has  a  great  influence  on  the  manufacture  of  pnzzuolana. 
While  clays  containing  from  10  to  20  per  cent,  of  lime  required  to  be 
heated  very  little,  and  deteriorated  in  quality,  by  being  thoroughly  cal- 
cined, those  containing  little  or  no  lime  require  to  be  fully  calcined  to 
bring  out  their  excellent  qualities ;  2nd,  That  clays  containing  a  large 
proportion  of  sand  are  not  so  suitable  for  making  puzzuolanas  as  those 
which,  having  more  alumina  in  their  composition,  are  greasy  to  the  touch ; 
drd,  That  the  artificial  pnzzuolana  once  made,  requires  no  further  care, 
"  for  neither  the  influence  of  the  air  nor  humidity  will  deprive  it  of  any 
of  its  properties."     This  last  is  a  very  important  fact ;  for  we  may  con- 
clude from  it  that  puzzuolanas  formed  by  pounding  bricks  may  be  made 
irrespective  of  the  antecedents  of  the  bricks ;  although  the  original  com- 
position of  the  brick  earth  aflects  the  question  of  whether  over  burned  or 
under  burned  bricks  should  be  pounded  for  "  soorkee." 

90.  One  important  fact  must  be  noticed  with  regard  to  the  use  of 
puzzuolanas;  viz.,  that  dependence  cannot  be  placed  on  them,  or  at  least 
on  the  artificial  ones,  for  works  which  will  be  exposed  to  the  action  of  salt 
water.  Smeaton  used  natural  puzzuolana  in  the  construction  of  the  Eddy- 
stone  Light-house  and  found  it  to  stand  admirably  ;  but  in  various  French 
8ea>coa8t  works  at  Brest,  Cherbourg,  Algiers,  and  elsewhere,  where  artifi- 
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cial  puzzuolana  was  used,  the  mortars  after  appearing  to  set  very  BSlis— 
factorilj,  and  the  favorable  appearance  lasting  even  for  three  or  four  yean, 
have  disintegrated  and  fallen  to  powder.  Yicat  attributes  this  to  ihm 
action  of  the  hydrochloride  of  magnesia  upon  the  particles  of  mortar  which: 
were  not  entirely  carbonized.  These  particles,  taking  up  the  magneaia_ 
and  passing  into  hydrocarbonate  of  lime  and  magnesia,  would  crystallisci 
in  a  different  way  from  the  ordinary  carbonate  of  lime,  and  this  woolci 
doubtless  lead  to  the  disintegration  of  the  whole  mass. 

Whether  or  not  this  is  the  right  solution  of  the  question,  there  is  ncB 
doubt  about  the  fact ;  and  the  practical  deduction  to  be  drawn  from  it  is, 
never  to  employ  artificial  puzzuolanas  for  any  works  of  importance  wher^ 
water  charged  with  salts  is  likely  to  affect  them. 

91.     Where  clay  is  to  be  burned  expressly  for  puzzuolana,  it  should  be 
done  by  making  it  into  balls  about  the  size  of  an  apple,  drying  them,  and 
burning  them  in  an  ordinary  lime  kiln ;  or  the  clay  may  be  pulverized  and 
strewed  in  a  thin  layer  over  a  plate  of  iron  heated  to  a  point  between 
cherry  red  and  forging  heat. 

It  is  only  by  experiment  that  it  can  be  determined  what  bricks  make 
the  best  soorkee  or  puzzuolana ;  for,  as  has  been  shown,  an  underbunit 
or  *<  peela  "  brick  furnishes  the  best  if  it  contain  a  certain  proportion  of 
lime,  while  the  brick  should  be  thoroughly  burnt  or  <<  pucka  *'  if  it  con- 
tains no  lime.     To  determine  the  presence  of  lime,  take  a  little  of  the 
brick-dust,  put  it  in  a  glass,  and  pour  over  it  a  little  diluted  hydrochloric 
acid,  or  even  strong  vinegar;  effervescence  ensuing  will  show  that  lime 
is  present;  and  the  quality  may  be  determined  as  explained  in  para.  71. 
Another  test  of  the  best  soorkee  is  by  making  three  small  balls  of  mortar; 
using  in  each  case  the  same  proportions  of  lime  and  soorkee ;  but  the 
latter  ingredient  being  made  from  bricks  underburnt,  burnt,  and  overbumt, 
respectively,  from  the  kiln  from  which  it  is  proposed  to  obtain  the  supply. 
The  three  balls  may  then  be  put  into  vessels  of  water,  and  in  a  few  days 
examined,  and  that  soorkee  which  has  produced  the  hardest  mortar  pre- 
ferred.    In  a  country  like  this,  however,  where  bricks  are  often  made  so 
carelessly,  and  out  of  such  very  indifferent  clay,  special  care  should  be 
taken  to  procure  bricks  for  making  puzzuolana  wliich  really  are  clay,  and 
do  not  contain  a  large  proportion  of  sand. 

Having  then  obtained  good  proi)orly  burnt  hrick-earth,  in  the  form  of 
bricks  or  otherwise,  nothing  remains  but  to  grind  it  down  into  impalpable 
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powder ;  this  is  absolatelj  indispensable  to  effect  the  intimate  union  which 
is  necessary  between  the  lime  and  puzzaolana  to  enable  them  to  set  under 
water,  and  too  much  labor  can  hardly  be  spent  on  it. 

92.     Regarding  the  combinations  of  lime  and  clay,  M.  Courtois  states 
"  If  crude  clay  be  mixed  with  various  proportions  of  lima,  pastes  are 
formed  which  have  more  consistence  than  clay  alone ;  l^is  paste  put  un- 
der water  acquires  at  the  end  of  three  days  a  certain  hardness  which  it 
preserves  afterwards  indefinitely ;  it  attains  its  maximum  of  consistence 
when  1  part  of  lime  is  mixed  with  9  parts  of  clay  ;  this  paste  after  three 
days  resists  the  pressure  of  the  thumb.     When  a  mixture  of  lime  and 
clay  exposed  for  some  days  to  the  air,  has  lost  a  part  of  its  water,  without 
having  been  dried  too  rapidly,  it  may  be  afterwards  immersed  without 
sustaining  any  alteration,  provided  the  volume  of  lime  be  not  greater 
than  one-third  that  of  the  clay ;  the  proportion  of  lime  might  be  less  but 
should  not  be  greater.     A  mortar  of  this  sort  might  be  used  in  the  con- 
struction of  ds terns,  reservoirs,  and  other  works,  where  an  insoluble  rather 
than  a  strong  mortar  is  needed.     The  quality  of  augmenting  the  resist- 
ance of  lime  which  crude  clay  possesses,  appears  to  have  been  known  for 
a  long  time  in  Champagne,  where  all  the  wooden  houses  are  covered  ex- 
teriorly with  a  plaster  composed  of  lime  and  a  white  argillaceous  and 
calcareous  earth.    The  floors  are  also  made  with  a  plaster  of  the  same 
nature,  and  when  not  dried  too  rapidly  they  resist  perfectly.     This  species 
of  puddling  would  be  well  worthy  of  trial  in  some  districts  where  the  ma- 
terial is  plentiful. 

93.  Strength  of  Mortars.—  Mot-tars  may  be  tested  with  a  view  to 
discover  their  hardness,  their  resistance  to  crushing,  their  adhesiveness  to 
bricks,  their  internal  tenacity  or  cohesion,  the  time  they  require  to  hardeDy 
and  the  amount  of  sand  which  may  be  safely  and  economically  used  in 
their  composition. 

The  force  with  which  mortars  in  general  adhere  to  other  materials, 
depends  on  the  nature  of  the  material,  its  texture,  and  the  state  of  the 
surface  to  which  the  mortar  is  applied.  Mortar  adheres  most  strongly  to 
bricks:  and  more  feebly  to  wood  than  to  any  other  material.  Among 
stones  its  adhesion  to  limestone  is  generally  greatest;  and  to  basalts  and 
sandstones  least.  Among  stones  of  the  same  class,  it  adheres  generally 
better  to  the  porous  and  coarse-grained,  than  to  the  compact  and  fine 
grained.     Among  surfaces  it  adheres  more  strongly  to  the  rough  than  to 

VOL.  I.— THIRD   EDITION.  8 


130 


LlJiBS,   CEilBMTS,   H0BTAB8, 


the  smooth.  The  adhesion  of  common  mortars  to  hrick  and  stoi 
first  few  years,  is  greater  than  the  cohesion  of  its  own  particles 
hydranlio  cements  the  reverse  is  the  case;  they  appear  also  t 
to  polished  surfaces  as  well  as  to  roogh  ones.  Bondelet  estimatec 
lbs.  per  square  inch,  as  the  force  acting  perpendicular  to  the  pla 
joint  required  to  tear  asunder  stones  connected  with  common  mo 
six  months  union,  and  only  5  fibs,  per  square  inch  as  the  detn 
required  to  separate  the  same  surfaces  acting  parallel  to  the  joii 
Pasley  considered  that  the  adhesive  force  of  hydraulic  cemen 
might  he  taken  as  high  as  125  lbs.  per  square  inch,  when 
was  thoroughly  hardened.  But  as  the  exterior  part  may  ofU 
long  before  the  interior,  he  thought  in  questions  of  doub 
subject  from  30  to  40  lbs.  per  square  inch,  was  as  much  as  i 

calculated  on. 

94.    To  ascertain  the  strength  of  mortars,  Treussart  used  the 

process :— Two  pendant  iron  stirrups,  66,     ^vpcfnout /wr  vnakiMo 

were  attached  to  a  horizontal  beam,  / 

parallel  to  each  other,  and  distant  4  inches 

in  the  clear,  the  lower  parts  being  exactly 

level.    On  these  stirrups  a  prism  of  mor- 
tar, a,  was  placed,  passing  it  through  a 

loosely  fitting  rectangular  collar  of  iron,  e, 

terminated  below  by  a  hook.       To  this 

hook  was  suspended  a  common  scale  pan, 

g,  by  means  of  ropes  and  an  iron  link,  d. 

The   upper  horizontal  bar  of  the  collar 

which  pressed  on  the  mortar  had  its  trans- 
verse section  of  the  form   of    a  rounded 

wedge ;  and  being  brought  against  a  check, 

e,  it  pressed  exactly  on  the  middle  of  the 

prism.    The  scale  pan    was    then    loaded 

with  successive  weights,   until  the   prism 

broke. 

The  prisms  of  mortar  were  made  by  mix- 
ing the  ingredients  well  together,  adding 

the  water  till  the  consistency  was  like  honey,  and  passing  tl 

seven  or  eight  times  under  the  trowel. 
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The  mortar  was  then  pat  into  wooden  boxes  exactly  6  x  3  x  S  incheSi 
and  left  in  the  air  12  honrs.  Thej  were  then  placed  in  a  large  tub  of 
water  in  a  cellar,  and  there  left  till  the  thumb  could  make  no  impression 
on  tiiem.  Noting  from  time  to  time  the  degrees  of  hardness  of  each 
kind.  At  the  end  of  a  year  they  were  withdrawn,  and  scraped  down  on 
their  four  faces  till  they  measured  6x2  inches  square.  This  was  done 
to  present  any  error  arising  from  the  surface  of  the  mortar  being 
harder  than  the  interior.  When  the  mortar  experimented  on  was  not 
hydraulic  it  was  not  immersed  in  water,  but  merely  left  to  harden  in  a 
cellar. 

The  trial  of  mortar,  by  crushing  prisms  under  a  weight,  is  not  a  very 
sure  one;  as  it  is  difficult  to  judge  the  moment  when  they  begin  to 
yield,  the  angles  occasionally  breaking  off  before  the  middle ;  and  it  is 
not  clearly  seen  when  the  substance  under  trial  has  really  yielded  to  the 
load.     A  preferable  mode  is  that  explained  in  para.  82. 

95.  Sir  Charles  Pasley  made  some  experiments  in  the  same  way  as 
Treussart  had  done,  but  put  more  stress  on  the  relative  adhesiveness  of 
various  mortars  to  bricks  and  different  sorts  of  stones,  than  on  their  resist- 
ance to  transverse  strain.  To  determine  this  adhesiveness,  he  first  built  a 
series  of  horizontal  brick  beams  out  from  the  face  of  a  wall,  each  day  add- 
ing one  brick  till  the  beams  broke.  The  brick  to  be  added  was  immersed 
for  about  half  a  minute  in  water,  the  face  of  the  last  brick  being  wetted  at 
the  same  time ;  a  thin  coat  of  mortar  was  then  applied  to  the  last  brick, 
and  a  thicker  one  to  the  new  brick.  The  two  were  then  joined,  and  a  man 
held  the  last  brick  pressed  against  the  other  for  from  five  to  ten  minutes 
till  it  adhered  of  itself.  It  this  way  with  his  cement  of  4  parts  chalk, 
to  5  of  clay,  he  made  a  beam  of  31  bricks,  or  6  feet  11^  inches  long, 
weighing  189  fbs.,  which  broke  sixteen  hours  after  the  last  brick  had 
been  placed. 

Not  altogether  satisfied  with  this  experiment,  Pasley  tried  another  sys- 
tem. He  cut  mortises  about  |-inch  deep  in  the  sides  of  a  number  of 
bricks,  and  fitted  into  them  pairs  of  iron  nippers.  The  bricks  were  then 
cemented  together  in  pairs  by  their  flat  surfaces  (9  x  4^  inches).  The 
upper  nipper  was  connected  by  an  iron  rod  to  the  top  of  a  gin,  and  the  lower 
to  a  scale  board,  on  which  were  piled  weights  until  the  joint  broke.  This 
affords  an  excellent  test  of  the  adhesion  of  tlie  mortar  to  the  brick,  and  of 
its  own  cohesion  to  itself. 
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Colonel  Totten,  United  States  Engineers,  tested  the  tenacity  of 
mortars  in  a  similar  way,  by  joining  bricks  crossed  at  right  angh 
the  snrfiAce  of   contact  being    16    square   inches.    By  this   means 
was    able  to  fix  round  the  projecting    ends  iron  stirrups    to 
the    weights  were  hung,  without  requiring  to  cut  holes  in  the  sides  of 
bricks. 

96.    The  following   table,    (Table  I.)  shows   Colonel   Raucourt 
Charleyille's  estimate  of  the  resistance  to  rapture  of  limes  of  differexil 
quality,  and  of  yarious  stones. 


TABLE    L 


Eminently  hydranlic  mortars  of  qaartcose  sand,  . 

Hydraolic  mortars, 

Feebly  hydraulic  mortars, 

Bad  ordinary  mortar  of  common  lime  and  qoartzose  sand, ) 
snch  as  mason's  nse, ) 

Soft  gypsnm  and  freestone, 

Layas  and  tofas, 

Soft  limestone, 

Brick  of  good  quality, 

Hard  limestone, 

Granite 

Basalt, 

Quarts  rock, 


e„  10 
10  „  20 

12 
20  to;40 
40  „  60 
60  „  70 
70  „  80 


97-  Tables  II.  and  III.,  go  to  prove  the  fallacy  of  a  theory  belieyed 
among  builders  from  the  time  of  Yitruvius  downwards,  and  probably  fsdrly 
confuted  for  the  first  time  by  Colonel  Bcott,  R.E.,  viz.,  that  a  certain 
amount  of  sand  positively  increases  the  strength  and  adhesion  of  mortars. 
Its  beneficial  action  being  assumed,  various  fanciful  theories  have  been  put 
forward  in  explanation  of  it ;  the  most  generally  received  being  that  the 
particles  of  the  lime  shrink  in  setting,  and  unless  sand  be  mixed  with  it, 
cavities  are  left  all  through  the  mortar.  Scarcely  any  two  authors,  how- 
ever, have  agreed  in  determining  how  much  sand  should  be  used  to  form  the 
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beBt  mortar,  or  as  to  the  extent  to  which  the  proportion  of  sand  bhoold  bo 
Tiried  according  as  the  mortar  is  hydraulic  or  not.  The  lime  in  mortar 
does  no  doubt  shrink  if  dried  rapidly ;  so  that  in  plastering  the  surface  of  a 
win  where  freedom  of  shrinkage  is  of  more  consequence  than  hardness  or 
i&mm,  and  where  (especiaUy  in  a  country  like  India),  the  mortar  dries 
T07  rspidlyi  it  is  beneficial  as  well  as  economical  to  mix  sand  with  the 
lime.  Bat,  in  anything  but  the  very  thinnest  masonry,  cracks  from  drying 
toofitft  are  not  to  be  apprehended ;  and  Tables  II.  and  III.,  show  mdis- 
patibly  how  much  mortars  made  both  from  cements  and  limes  lose  in 
strength  as  sand  is  added. 

The  prisms  in  Table  II.,  were  3  inches  between  the  points  of  support 
ind  2  inches  square  in  section ;  except  the  Hoorkee  cements,  which  were 
4  inches  in  bearing,  2  and  2^  inches  square  in  section.  None  of  them  had 
been  iomiersed  in  water.  They  were  loaded  at  their  centres.  The  Hoorkee 
cements  were  made  precisely  according  to  Pasley's  directions,  with  one  part 
of  &t  lime  made  of  Ganges  boulders,  and  2  parts  of  hard  blue  Hurdwar 
ekj. 

Oie  prisms  of  mortar  in  Table  II.*  set  in  water,  or  were  left  in  a  damp 
cellar  for  a  year,  while  Colonel  Totten's  were  subjected  to  a  pressure  of 
^  fts.  at  the  time  of  formation,  which  probably  squeezed  all  the  super- 
Aioiu  moisture  out  of  them. 

The  prisms  of  both  were  2  inches  square  in  section;  Treussart's  3 
'Qches,  and  Totten's  4  inches,  between  the  points  of  support.  The 
^Hiithfield  lime  used  by  Totten,  and  the  Strasburg  limes,  are  both  pure 
fiat  limes. 

08.    The  next  Table  is  from  Vicat'sf  work,  and  shows  the  necessity  of 

keeping  hydraulic  mortars  moist  until  setting  has  taken  place.    It  will  be 

obserred  that  the  injury  is  greater  in  proportion  as  the  lime  used  is  more 

hydianlic ;  so  much  so  that  Yicat  estimates,  that  an  eminently  hydraulic 

lime  may  lose  by  too  rapid  drying,  as  much  as  |ths  of  the  strength  it  would 

acquire  if  allowed  to  dry  slowly.     He  therefore  recommends  that  all 

masonry  built  in  hot  weather  should  be  kept  watered  till  the  mortar  has 

*®*»  and  Raucourt  de  Charleville  suggests  the  use  of  wet  straw  mats  to 

"®  laid  over  the  work.     The  importance  of  attending  to  this  point  in  In- 

"^  Uee4  hardly  be  alluded  to. 

*   SxtncteJ  from  Trwisaart's  Tablee,  n.,  III.,  and  XXXVI. ;  and  Col.  Totten  on  Mortan. 
t   inaa,  Table  XUL,  Chapter  XI. 
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TABLE  IV. 
MoBIABS  comparod  in  regud  to  the  in 
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mortMi  vbea  M  monOa 
dU,  pa  wtiMim  InDb. 

Umoilaked  b;  launnnkii  sad 
mmored  In  pute. 

|1 

E|5 

10 

It 

OhMTTtfKBl 

Ilydmnlic  liinc,               190 

Feebly  htdrnolit  lime.   180 
Common  rich  lijuo,         180 

130 
150 
150 

44'ia 

4S-55 

1G3-G8 
7373 
Sl-24 

Each  of  tb 
anlta  ia  tlie 
of  >  nnmh 

99.  Lime  Burning. — Lime  kilns  may  be  diiided  into  two  ol 
1st,  the  ititermiUmt  kilni,  or  those  in  irhioli  tlie  fdel  ie  all  at  the  bo 
and  the  limestone  bnilt  Dp  over  it;  and  2nd,  the  runmn^  or  perpetiuU 
in  which  the  fuel  and  limestone  are  built  in  a  similar  wa;  to  that  in ' 
bricks  are  burned  in  a  clamp  or  "  paj^wab,"  in  alternate  layers.  I 
former,  one  charge  of  lime  is  burned  at  a  time;  and  when  the  bnm 
complete,  the  kiln  is  completely  cleared  oat  previous  to  burning  m  set 
while  in  the  latter,  fresh  strata  may  be  constantly  added  at  the  topi 
calcined  lime  is  withdrawn  from  the  bottom.  In  the  intermittent  kil 
limestonecliargcresta  upon  arches  of  the  same  material,  rudely  conetr 
of  large  pieces  laid  dry.  A  small  lire  is  lighted  below  these  archet 
quite  at  the  back  ;  this  is  gradually  increased  towards  the  montli  i 
draught  increases.  The  opening  is  then  regulated  to  secure  the  prop' 
gree  of  combustion,  new  funl  is  added  to  keep  it  to  that  point,  while  t 
which  enters  by  the  firo  door,  carries  the  flame  to  all  parts  of  the  ard 
gradually  brings  the  whole  to  a  state  of  incandescence.  Care  must  be 
in  forming  the  arches,  that  tlie  stones  of  which  they  are  formed  ai 
such  as  will  crack  and  burst  with  the  application  of  heat;  as  they  t 
cause  the  arch  to  give  way,  and  the  charge  to  fall  in.  The  perjtetua 
in  ihc  more  ecoiioujico]  of  tlic  two  in  fuel,  but  at  the  same  time  is 
difficult  to  manage.     A  mere  change  in  the  direction  or  intensity  o 
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wmd,  a  Calling  in  of  the  inner  parts  of  the  charge,  an  irregnlarity  in  the 
size  of  the  lumps  of  limestone  used,  may  all  be  sufficient  to  alter  the  force 
of  the  draught,  and  to  cause  an  excess  or  deficiency  of  calcination.  A 
change  in  the  quality  of  the  fuel  used  will  also  evidently  alter  the  time  of 
burning ;  and  sometimes  a  kiln  of  this  description,  after  working  for  some- 
time very  well,  suddenly  becomes  out  of  order  without  any  apparent  reason* 
So  that  the  management  of  such  a  kiln  must  be  an  affair  of  experience 
and  caution  alone ;  but.  notwithstanding  the  precautions  required,  the  per- 
petual kiln  is  one  quite  as  largely  used  as  the  other. 

100.  The  fuel  used  for  kilns  must  of  course  depend  very  much  on  the 
products  of  the  country  or  district  in  which  they  stand.  In  Britain,  coal 
and  coke  are  the  only  two  fuels  ever  used.  If  any  use  can  be  made  of  the 
distillation  of  the  coal,  there  is  then  an  evident  advantage  in  using  coke ; 
for  the  gases  which  the  latter  gives  off  arrive  at  once  at  their  highest  de- 
gree of  temperature,  while  this  temperature  is  only  arrived  at  with  the 
former,  at  the  end  of  its  combustion,  when  in  fact  the  coal  is  coked  in  the 
kiln.  The  quantity  of  smoke  that  escapes  from  the  kiln,  while  the  coal 
is  being  burned,  may  be  taken  as  an  indication  of  the  combustible  wasted. 
A  kiln  in  which  coke  is  the  fuel,  will  yield  nearly  one-third  more  caldned 
lime  in  a  given  time  than  one  in  which  coal  is  used. 

In  many  countries,  wood  (which  is  not  well  adapted  for  perpetual  kilns) 
ia  the  only  fueL  In  India,  wood,  dried  palm  leaves,  charcoal,  and  dried 
cow-dung,  are  the  ordinary  fuels.  The  varieties  of  wood  of  course  vary 
with  the  resources  of  the  locality. 

lOL  The  shapes  given  to  the  interiors  of  kilns  are  very  different. 
The  object  sought  is  to  obtain  the  greatest  uniform  heat  possible  with  the 
smallest  expenditure  of  fuel,  for  which  purpose  thick  walls  are  necessary 
to  prevent  radiation. 

Intermittent  Kilns. — In  Plate  XYIII.,  are  various  forms  of  inter- 
mittent kUns  used  in  different  countries.  Fig.  1  is  what  is  termed  in 
France  a  field  kiln  (four  de  campagne),  and  is  designed  for  temporary  use, 
where  a  large  quantity  of  lime  is  wanted  in  a  short  time.  It  consists  of 
merely  an  oven-shaped  vault  of  limestone,  upon  which  a  stack  of  the  same 
material  is  built  up  in  a  cylindrical  form.  'Fhe  whole  is  then  surrounded 
by  a  wall  of  beaten  earth,  and  supported  outwardly  by  coarse  wattlings. 
According  to  Vicat,  in  this  kiln  a  cubic  yard  of  lime  requires  from  1*64  to 
2'234  cubic  yards  of  oak  as  fuel. 
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102.  English  kiln. — Fig,  2  is  a  cross  seciion  of  a  oommon  fon^ 
of  intennittent  kiln,  used  for  burning  chalk  lime  on  the  river  Medwan^- 
Kent ;  the  fael  nsed  being  coal.     These  kilns  are  generally  built  in  pair^ — 
as  two  chaiges  freight  one  river  barge,    a,  is  a  large  apertare,  where  t^^ 
chalk  is  thrown  in  (the  ground  being  higher  behind) ;  b^  the  door  wh€»x- 
the  lime  is  taken  ont ;  ce,  the  furnaces,  the  bars  going  right  across  A?^ 
kiln.     The  inside  of  the  kiln  is  lined  with  fire-bricks,  set  in  a  mixture  o^ 
equal  parts  of  brick-earth  and  sand.    The  lime  takes  60  hours  to  bum ; 
and  20  hours  after  they  have  ceased  to  put  in  fuel,  the  lime  should  be  cool 
enough  to  admit  of  its  being  taken  out    The  volume  of  the  charge  dim- 
inishes as  the  kiln  bums ;  the  out-turn  for  a  pair  of  kilns  beingf  rom  110 
to  120  cubic  yards.    The  fuel  required  for  this  quantity  is  nine  tons  of 
coal,  and  an  allowance  of  1  or  2  lbs.  coarse  gunpowder ;  which  is  exploded 
occasionally  from  a  gun  barrel  inside  the  kiln,  to  keep  soot  from  forming 
and  checking  the  draught. 

103.  American  Kiln. — Fig.  8  is  a  section  of  an  intermittent  kiln,  nsed 
in  America,  the  fuel  being  wood.  A  hollow  dome  from  8  to  6  feet  higb 
is  formed  of  the  blocks  of  stone,  resting  either  on  the  bottom  of  the 
kiln  or  on  the  fire  grates.  It  is  made  large  enough  to  hold  all  the  fhel^ 
which,  cut  into  short  lengths,  is  piled  round  it  endwise.  The  stone  ib 
gradually  brought  to  a  red  heat  in  8  or  10  hours,  avoiding  any  sudden 
increase  of  temperature,  as  it  is  apt  to  shiver  the  stones  and  break  down 
the  dome.  After  this  heat  has  been  arrived  at,  it  is  kept  up  uniform  nnUl 
the  calcination  is  complete,  indications  of  which  are  given  by  the  volume  of 
the  charge  being  diminished  to  about  f  ths  of  its  original  mass,  by  the 
broken  appearance  of  the  stone  forming  the  kiln,  and  by  the  ease  with 
which  an  iron  bar  may  be  forced  down  through  the  charge.  This  kiln 
is  shown  as  built  on  the  face  of  a  steep  bank. 

104.  Dthra  Doan  Kiln. — On  the  next  page  is  a  plan  and  section 
of  a  lime  kiln  in  common  use  by  the  native  lime  burners  of  Dehra 
Doon. 

It  consists  of  a  cylindrical  pit  dug  near  the  steep  bank  of  a  river, 
the  bottom  roughly  paved  with  flat  stones,  the  sides  bemg  boulders  set  in 
mud. 

Openings,  B,  are  made  out  to  the  bank  of  the  river,  through  which  the 
fuel  is  ignited,  and  which  afterwards  act  as  draught  holes.  The  kiln  is  filled 
with  green  wood;  a  heap  of  billets  of  dry  wood  on  end.  A,  being  placed  in 
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the  middle  at  the  top,  and  lamps  of  limestone  being  filled  all  oyer 
around  it  The  following  is  a  detail  of  the  working  results  of  kilns  of 
description  of  two  different  sizes  in  common  use  :— 


Farticiilan. 


2. 


Diameter, 

Depth, 

Wood,  one  filling 

Limestone     „ 

lime  prodaced,  average  (inclading  failures), 

WOBKINO  PABTT. 

Men, 

Buflfaloes, 

2-ballock  carts, 


15  feet 

9    « 
676  maonds. 

1.260    „ 

ass   . 


20 

10 

8 


106*  Kurrachee  Kiln. — ^The  following  is  the  description  of  the  kUn 
that  was  used  at  Kurrachee  for  burning  the  lime  already  described  in 
para.  87. 

The  kiln  used  (Plate  XIX.,)  is  constructed  on  the  prbciple  of  ^  alter- 
nating  fires  '*  (suggested  by  M.  Vicat  for  the  burning  of  hydraulic  lime), 
the  base  being  in  three  compartments  or  chambers,  and  the  chimney  in 
one,  common  to  the  three  chambers. 

Each  chamber  has  an  opening  for  firing,  to  which  a  sliding  door  of  iron 
is  attached  for  regulating  the  draught. 

The  lower  portion  of  the  charge  is  formed  of  limestone  hand  rabUe, 
laid  in  the  form  of  a  vault,  8  to  10  inches  thick,  over  each  chamber. 

Above  the  vaults,  the  kiln  is  to  be  filled  in  with  the  balls,  pieces  of  fire- 
wood being  placed  vertically  at  intervals  of  about  2  feet,  to  fsoilitate  the 
draught. 

The  top  of  the  kiln  is  left  open,  but  the  openings  for  drawing  the  lime 
are  closed  with  sun-dried  brick,  plastered  over. 

The  chambers  are  lighted  in  rotation,  each  for  20  hours  at  a  time,  until 
the  burning  has  continued  for  the  usual  period  of  120  hours,  being  time 
required  if  babool  (Acacia)  wood  be  used  for  firing ;  if  j how  (Tamarisk) 
wood  be  used,  144  hours  are  required,  to  be  divided  proportionately. 
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COMSTIIIGTIOH  . 
San -dritd,  SrtAi  tU  in-  mud  uitth  lUt^  fffin-turiak  iritJa.tlm 
ate  «  mad.  Sbdui^  i^»rs  tf  irt"-. 
Com  «U  XurrarAec  in.  IBCO  Jti  iU. 


EUvaU^rt. 


Note. —  Tkesi  deera  uurt  add^ afltf  Ck<-  conalntctien  ^tht.  kiln,  und  prove 
i/ify  UM/Ui  arid  econnmiatl  in  rt^idoan^  t/u  dtuufM. 
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The  doors  of  the  chambers  not  in  action  are  closed,  the  chinks  being 
plastered  oyer  ^th  clay. 

After  the  bnming,  one  day  is  allowed  for  cooling  the  kiln,  after  which 
the  doors  may  be  opened  and  the  lime  drawn. 

The  kiln  requires  for  burning  from  400  to  450  mannds  (mannd  eqnal  82 
tt>s.)  of  firewood,  if  jhow,  be  nsed  ;  if  babool,  360  to  400  mannds. 

The  retnm  is  from  700  to  730  cubic  feet  of  hydraulic  lime,  and  160  to  180 
mannds  (maund  equal  to  2^  cubic  feet,  measured  after  slaking)  of  rich  lime. 

The  quantity  of  lime  stone  required  for  the  yaulting  is  from  260  to  290 
cubic  feet,  measured  as  stacked  in  heap. 

After  the  burning,  the  hydraulic  lime  may  be  slaked  for  use  in  the  same 
manner  as  ordinary  lime.  If  kept  a  little  time,  however,  the  balls  fall  to 
powder,  more  or  less  from  exposure  to  the  air,  but  the  lime  will  keep  good 
in  this  way  for  some  weeks,  or  even  months.  It  is  necessary,  however, 
to  store  the  lime  under  shelter  in  a  closed  shed. 

The  lime  prepared  under  the  foregoing  process,  set  under  water  in  from 
24  to  48  hours,  and  appears  in  every  way  to  fulfil  the  conditions  of  an 
eminently  hydraulic  lime,  as  defined  by  M.  Vicat. 

106.  Details  of  coat  of  manufacture  of  one  kiln  yielding  about  700 
cubic  feet : — 

JV.J?. — ^The  lime  measorea  about  the  same  in  cubic  content  whether  in  balls  or 

after  haying  fallen  into  powder. 


Partiaalaii. 

tion. 

Na 

Bate. 

Per. 

Ttotel. 

P«r. 
eantatr*. 

MATEBIAL8. 

RichUme,                         [ 

LimeBtone    for     base    of 
charge,     ...       ^       .^ 

Water  (fresh)  for  slaking 
lime,  obtained  from  base 
of  charge, ...        .m        m. 

Labor  for  slaking    and  | 
measoring  lime  obtain-  < 
ed  from  base,  ...       m. 

Mannds, 
Cubic  ft. 

Cubic  ft. 

Callons, 

Laborera, 

Boys, 
n 

ICaunds, 

862\ 
816/ 

190 

900 

91 
1 
6 
4 

170 

••• 

10    0 
6    4    0 

0    6    0 

0    6    0 
0    7    0 
0    8    6 
0    8    0 

10    0 

••• 

mds.  3| 

aft. 
100 

galls. 
100 

diem, 
Iff 

» 

mdB.9| 
*•• 

B.    A.  P. 
144  12    9 

18    9    0 

9  18    0 

7  14    0 

0  7    0 

1  6    0 
0  IS    0 

B.  A.  P. 
108    1     9 

Dednct  value  of  rich  lime 
obtained   from    base  of 
charge,     ...       ^,       „. 

176    1    9 
68    0    0 

94-70 

Carried  orer,    ... 

•  •• 

106    1    9 

94-70 
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Fviioulan. 


Detcrip* 
tkn. 


No. 


Bate. 


Brongblofiery   m* 


\>Uiyi  •■•       •••       •••       ••• 

Water  (fredi)  for  miziiig 
lime  and  clay,    

Flrowood  (babool),      ...  I 


Cable  ft. 


GftllonB, 

Maunds, 
Iba. 


Labor,  mxiiro  uxb 

AMD  OLAY. 


Manual  labor. 


•••       ••• 


1 


Machinery  ohargea  for  mix- 
ing by  aleam  mcnrtar  mill, 

DlTlding   the   paste   into 
Daiia,        •••       (••       •*• 


Loading  kiln. 


r 


Firing  Uln,  Inoluding  ro>  ( 
moval  of  flre-wood,       { 


Drawing  Uln  and  storing  i 
lime,      ...       ...       ...  J 


Fofoman  lime  burner. 


Laborer, 


.n 


Boya, 


Women, 
Laborers, 


«* 


Add  for  depreciation  of, 
and  repairs  to  kiln,  lime 
aboda,  tools,  and  charge 
for  service  ground  occu- 
pied in  drying  balls,     .  • 

Total  ooet  of  700  cubio  feet 
of  lime,     .M       ■*•       ... 

Coat  of  one  cabio  foot,    ... 


Women, 

Boys, 

>f 

Laborers, 
f» 

Laborer, 

»» 
Women, 
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1,600 

880 
81.180 


10 

8S 

7 


6    0    0 

0    8    0 
}l    0    0 


891 

8 
84 

8 
A 
6 


8 
IH 


IS 
fS 

1 

Days. 
SO 


0  7  0 
0  6  0 
0    8    0 


c.    ft. 
100 

galls. 
100 

mda,  2| 


diem. 


B.  A.  P. 


8  14    0 


8    0    0 


188    0    0 


4    6    0 

18    0    0 

I    8    0 


0    4    0 


0 
0 
0 
0 
0 


7 
6 
4 
8 
8 


0 
0 
0 
6 
0 


0    7    0 
0    6    0 


0  7  0 
0  6  0 
0    4    0 


1    0    0 


diem. 


10   0   0 


»> 


M 


f> 
ft 
fl 


» 


40  11    0 


9  14    0 


B.  A.P. 
106    1    8 
8  14   0 

6    0   8 
168    0    0 


17  !1    I 


40  tl    0 


9  14    0 


1    8 
9   0 

0  IS 

1  1 
I    8 


0 
0 
0 
6 


poro.ft. 


8    8    0 
4    9    6 


8  4  01 
8  10  0 
0    4    0 


30    0    0 


18    4    6 


8    1    6 


14    S    0 


SO    0    0 


397  II    9 


8»  18    4 


437    8    1 


0  10    0 


Note.— The  cost  of  the  hydrauUo  lime  at  Boroo  in  18A8  was  about  S  annas  per  cubic  foot 
there,  labor  was  only  about  one-third,  and  firewood  one-fourth  Kurrachee  rates  ;  alro  stone  da^ 
water  were  procured  on  the  Bitot  at  nominal  cont,  while  all  these  motorlHla  have  to  be  brought 
li  considerable  distance  at  Kurrachee.    Such  lime  now  cubte  at  Uorce  about  3  axxnas  7  pica  per  c 
foot,  or  I  rupee  for  2  mauuds. 
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B7.    PttfrrtUL  kilhs.— fVyj.  1  ■"(!  2,  «rfl  giren  by  M.  Vic»t  as 


Fig.  1. 


fry.  2. 


H 


S 


3£ 


of  the  best  fonns  of  perpetnal 

iilD>,tl»fadiwedbwrgco»I;  the  small 
CTHifil  tnction  Bhown  in  section,  in  Fig. 
l.Ung  intended  to  giro  tbo  limo  « 
finduD  in  falHng  throngh  the  orifices, 
ntgat-tom  of  the  tbnner  is  241-6  cabio 
{k^  ud  of  the  Itttter  156-1  cubic  feet  of 
Im  per  day. 

108.    Madrat  kibu.~Figs.  3  and  4, 
in  1  plan  and  cross  section  of  the  kilns 
gtwilly  need  in  Madras.    The  lime  is  made  of  shells,  which  are  mixed 
ifiith  aboat  haU  their  bnlk of  Fig.  3. 

pm  of  diarcoaL    A    small  rrr p m TT TT 

■Anmslongitn^nallythrongh      y^  __t:jL        '^'  ^'''        ''^^ 

ftgkilD,  covered  with  a  grating  ""*  '^'" 

tlWck-on-edgc,  and  partially 

■tmndwith  broken  tiles.    On 

Oiiaii  placed  s  layer  of  charcoal 

^bnt  3  inches  thick,  and  the 

Vk  v   lighted.    The   mixed 

Mil  Mtd  charcoal  are  then  laid 

innsllhe^B  about  18  inches 

^  nd  when  the  fire  has  reached  them,  the  space  between  is  filled  Dp. 

Whm  the  fire  has  extended  to  them  also,  another  layer  is  laid,  and  so  on 

19  UukUn  is  filled. 
Hie  tnosvcrse  arches  are  to  promote  the  cnrrent  of  air,  t^e  windward 

•«  luing  slways  open,  and  the  other  closed.     The  shells  take  12  hours  to 

fUu,  ud  24  honrs  more  to  cool  snOSciontl;  to  be  taken  ont     A  kiln  of 

UniiafaDlds  abont  90  cable  feet  of  shells. 
Tbe  SjDtet  lime,  which  supplies  Calcutta,  is  burnt  in  a  Tcry  similar  way, 

">  'xmd  kilns  containing  about  700  mannds.     Reeds  and  dry  wood  ate 

"^    The  natires  of  this  comitry  frequently  bum  lime  without  a  kiln 
"^'^.yiiig  it  in  alternate  beds  with  dried  cow-dung,  and  covering  the 

">  with  a  coatjng  of  mnd  to  retain  the  heat. 

**%tiTe  method  of  lime  burning  without  a  kiln,  possesses  the  two 
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*  ^^ 

great  advantages  of  cheapness  and  simplicity.  The^e  is  none  of  tlie  a 
pense  of  building  a  kiln,  to  which  lime  from  all  the  neighbourhood  mmil 
brought,  often  at  a  considerable  additional  expense  for  carriage.  Bat  wbc 
the  limestone  is  found,  there  it  is  burned ;  for  there  are  few  spots  to  wU 
fuel  cannot  be  rapidly  taken.  It  is  so  simple  a  method  too,  and  one  bo  w 
known  to  the  natives  of  the  Upper  Provinces,  that  the  Engineer  reqnii 
to  give  no  instructions  to  the  lime  burner,  but  can  generally  get  a  ec 
tractor  who  will  bring  him  good  lime,  at  a  moderate  rate. 

On  the  other  hand,  in  this  system  of  lime  burning,  there  is  a  great  wa 
of  heat,  and  consequently  of  fuel ;  and  often  of  lime  too,  so  that  it  beooB 
quite  worthy  of  consideration  whether  it  would  not  be  the  truest  eoonm 
where  any  extensive  works  are  to  be  built,  to  constmct  regular  lime  kil 
as  they  are  bnilt  in  England,  and  to  bnm  the  lime  with  the  care  and  atfc 
tion  which  is  bestowed  on  it  there.  One  undoubted  advantage  would 
gained,  that  by  making  sheds  and  preserving  the  fael  from  wet,  lime  mil 
be  burned  in  kilns,  and  consequently  work  carried  on,  all  the  year  roi 
hardly  hindered  by  the  rains  ;  at  least  in  the  Upper  Provinces*  As  it 
during  the  rainy  months,  lime  baming  generally  ceases. 

110.  On  Slaking  Lime.— The  methods  employed  for  slakiiig  li 
have  been  generally  divided  into  three  heads.  The  first  consists  in  throw 
on  the  limie,  as  it  comes  from  the  kiln,  enough  water  to  reduce  it  to  t 
paste.  Too  much  water  is  generaUy  added,  and  the  lime  is  ^^drmmu 
the  slaking  being  checked.  The  second  method  of  slaking,  consists 
flinging  quick-lime  into  water  for  a  few  seconds,  and  withdrawing  it 
fore  the  commencement  of  ebullition.  The  operation  is  performed  n 
baskets,  into  which  the  lime,  broken  into  pieces  about  the  size  of  an  e; 
is  placed.  After  being  taken  out  of  the  water,  it  is  thrown  into  a  he 
and  allowed  to  fall  to  powder.  This  method  of  slaking  has  been  foi 
to  be  attended  by  various  practical  inconveniences,  the  chief  of  whid 
the  difficulty  of  getting  the  workmen  to  hold  the  lime  precisely  the  rij 
time  under  water.  The  third  process  is  called  '*  air  slaking,"  leaving  t 
quick-lime  exposed  to  moisture  from  the  surrounding  atmosphere,  ^ 
though  Vicat  maintains  that  air  slaking  answers  very  well  for  fat  lin 
the  majority  of  writers  disagree  with  him ;  and  it  would  be  at  all  tbi 
an  inconvenient  and  expensive  mode  of  operation. 

Trenssart  recommends  a  modification  of  the  second  method  as  the  be 
Instead  of  plunging  the  lime  into  water,  he  obtained  a  like  result 
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throwing  a  certain  qnantity  of  water  on  the  lime.  The  lime  was  laid  in 
\m^  of  about  10  cubic  feet  each,  and  the  sand  to  be  mixed  with  it  after, 
pked  ill  round  it  The  water  was  poured  oyer  it  from  tin-pots  of  known 
flie,  illowing  of  water  about  one  quarter  the  hulk  of  the  lime.  The 
dikiog  was  regulated  by  turning  about  in  the  lime  an  iron  rod  or  shovel 
to  ke^  it  uniform,  and  then  the  lime  was  covered  oyer  with  sand  till  the 
nezfcdaj,  whed  the  slaking  haying  become  complete,  it  was  mixed  with 
and  in  the  desired  proportions  and  the  mortar  used  at  once.  Only  as 
modi  being  made  oyer  night  as  would  saffice  for  the  next  day*s  supply. 
UL  Colonel  Scott's  directions  for  slaking  hydraulic  limes  are  yery 
nmlir,  yiz. : — Sprinkle  with  water,  coyer  up  well  with  sand,  keeping  in 
tbe  iteam  for  at  least  24  hours.  The  quantity  of  water  varying  from  2  to 
S  giDons  to  the  bushel,  according  to  the  kind  of  lime. 

112,    It  matters  little  whether  pure  limes  be  slaked  in  large  or  small 
qin&tities  at  once ;  but  with  hydraulic  limes,  only  so  much  should  be 
flAiked  at  a  time  as  can  be  worked  off  ^thin  the  next  8  or  10  days.     In  or- 
der to  make  sure  that  the  lime  has  entirely  lost  its  affinity  for  water  before 
bong  laid  as  mortar  in  the  joints  of  a  building,  it  is  safer  to  leave  hydranlio 
Bmei  for  from  24  to  48  hours  after  slaking,  before  making  them  into 
iDOitir.    For  want  of  this  precaution,  mortar  has  been  known  to  expand 
ttid  to  tmrat  even  the  heaviest  masonry.     Twelve  to  twenty  hours  are  long 
CDo^gh  for  pure  or  feebly  hydraulic  limes ;  they  should  bo  left  covered  up 
Coring  that  time.     Hydraulic  limes  should  always  be  used  as  fresh  as  pos- 
sible fiom  the  kiln,  and  as  they  slake  with  difficalty,  they  should  be  ground 
^  to  ensure  the  operation  being  done  perfectly.     Hydranlic  cements  do 
^  dake  at  all.    They  should  be  ground  to  fine  powder  and  made  into 
^"^^^  either  in  a  pug-mill  or  by  hand  in  small  quantities,  being  mixed 
^A  Water  only  when  required  for  use ;  taking  care  not  to  let  them  remain 
^  long  in  that  state,  as  they  at  once  begin  to  harden.     Generally 
^^ore  hydranlic  the  lime,  the  less  violent  is  the  action  caused  by 
''4i]|g  if^  mxd  the  less  increment  there  is  in  the  volume  of  the  slaked 
ponder. 

Il3.  On  Forming  Mortar.— In  para.  97  it  was  attempted  to  con- 
^te  the  popular  idea  that  the  tenacity  of  lime  is  increased  by  mixing  with  it 
*  ^rtain  proportion  of  sand.  Sand  is  however  generally  mixed  with  lime, 
fer  tlie  sake  of  economy;  and  for  ordinary  purposes,  any  good  lime 
will  stand  the  admixture  without  its  properties  being  seriously  impaired. 

VOL.    I. — THIBD   EDITION.  U 
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Tlicoretically,  tlio  most  perfect  wall  is  that  in  which  the  ccmenlinj 
luaterial  is  jost  as  strong  as  the  brick  or  stone  cemented.  There  i 
evidently  no  object  in  having  the  cement  stronger;  but  np  to  the  poin 
of  equal  resistance,  the  strength  of  the  whole  wall  will  vary  with  Uia 
of  the  cement.  Experience  proves  that  with  feebly  hydraulic  limes,  2 
cubic  feet  of  sand  may  bo  mixed  with  1  cubic  foot  of  lime,  and  the  resoll 
will  be  a  mortar  of  ^th  or  |th  the  resistance  qf  brick.  With  hydraol 
lime  of  good  quality,  such  as  the  lias  lime  of  England,  and  many  < 
the  kunkurs  of  this  country,  1^  to  2  parts  of  sand  may  be  used  to  1  pa 
of  lime,  but  this  is  the  limit.  Scott's  cement  mixed  with  4  parts  of  san 
and  Portland  cement  with  5  parts  of  sand,  attain  aa  great  a  hardness 
the  ordinary  bricks  used  in  London,  and  this  is  probably  about  the  lin 
which  can  be,  or  at  least,  which  has  been,  obtained  with  any  cement 
mortar.  For  hydraulic  works  and  foundations,  equal  portions  of  lii 
and  sand  should  bo  the  limit  allowed. 

114.  In  the  Upper  Provinces  of  India  the  most  common  mixtures  i 
mortar  are  1  part  of  stone  lime  to  2  of  sand  or  soorkee ;  or  1  part  lin 
1  part  sand,  1  part  soorkee.  Knnkur  lime  will  not  in  general  bear  a 
admixture  of  soorkee.  Experiments  made  at  Mean  Meer  in  1851  prei 
oas  to  building  the  new  barracks,  gave  a  mixture  of  94  mannds  of  knnk 
lime  to  6  maunds  of  stone  lime  (without  any  sand  or  soorkee),  as  the  be 
and  strongest  mortar  that  could  be  made  of  the  materials  then  availab 
and  this  mixture  was  accordingly  adopted.  The  price  of  the  two  was  ih 
Us.  14  per  100  maunds  for  kunkur  lime,  and  Ks.  1-2-0  per  maond  i 
stone  lime,  delivered  on  the  works. 

115.  Tlie  qualities  of  lime  and  soorkee  vary  so  much  in  diffen 
districts,  that  every  Engineer  should  experiment  for  himself  before  co] 
mencing  work  in  a  new  station ;  the  practical  facts  deducible  from  1 
above  paragraphs  being,  that  in  limes  containing  little  or  no  argillacec 
matter,  such  as  that  burnt  from  limestone  boulders,  an  admixture 
soorkee  as  well  as  of  sand,  will  be  advisable,  especially  for  buildin 
exposed  to  wet;  while  iu  the  case  of  kunkur  or  marl  limes,  little  or 
soorkee  can  be  added  without  impairing  their  strength,  as  the  nece8S4 
amount  of  clay  is  already  present. 

116.  The  following  is  an  account  of  a  remarkably  fine  kind  of  kunk 
lime  found  at  Behmurri,  in  the  Gorruckpore  District,  which  received  t 
Ist  prize  at  the  N.  W.  Provinces  Exhibition  of  18C7  : — 
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Bvhmnrri  kankar,  so  callcil  from  being  found  in  a  village  Bchmorri,  Amorha 
f>cr^annah,  zillah  Bastce.  It  was  first  brought  to  my  notice  by  some  bricklayers. 
8hell  lime  being  scarce  and  very  dear  in  the  districts,  I  gave  some  attention  to  this 
konkur  lime,  which  is  so  very  different  to  the  common  kunkor  used  for  roads  and  for 
mortar.  The  Behmnrri  lime  was  brought  to  my  notice  20  years  ago  ;  it  is  to  be  found 
in  veins  running  under  the  village  on  the  banks  of  a  small  river  called  the  Mnnwnr, 
and  stretching  out  into  the  adjacent  land. 

It  is  taken  out  by  digging  with  the  kodali  in  large  blocks  or  clods,  and  is  broken  up 
by  a  mallet  into  small  pieces,  then  laid  out  to  dry.  A  circular  kiln  is  raised  about  8 
or  10  feet  high,  the  diameter  at  the  base  inside  about  5  feet,  slightly  closing  up  to  4 
feet  at  the  top. 

It  has  four  or  five  open  furnaces  at  the  bottom  for  firing.  It  is  usually  burnt  with 
charcoal,  a  layer  of  charcoal  5  inches  deep,  then  a  layer  of  kunkur  in  snudl  bits,  6 
inches  deep,  alternately,  till  the  kiln  is  filled  up  ;  it  is  then  fired,  and  the  kunkur  lime 
burnt  in  a  dry  state.  It  is  then  taken  out,  and  put  into  small  pits  5  or  6  feet  square 
by  18  inches  or  2  feet  deep,  the  bottom  generally  laid  over  with  bricks,  water  is  then 
run  into  the  pits,  and  the  lime  is  slaked.  It  is  left  in  this  condition  for  a  day  or  two^ 
and  the  slaking  over,  it  is  well  drenched  in  water :  and  then  taken  up  and  mixed  with 
aoorkee  and  made  into  mortar,  with  an  addition  of  the  common  kunkur. 

The  Behmurri  lime  must  not  be  mixed  up  in  its  dry  state  with  soorkee,  without 
being  well  drenched  in  water  first,  or  its  full  qualities  will  not  come  to  account  The 
bricklayers  here  generally  used  ^rd  soorkee,  ^rd  Behmurri  lime,  and  ird  common  knn- 
kur  lime,  which  makes  a  first  rate  cement ;  or  f  rds  soorkee  and  |rd  Behmurri  lime 
will  do  excellently.  The  common  kunkur  lime  serves  much  in  the  same  way  as  sand 
in  European  mortar,  for  it  has  but  poorly  adhesive  quality  of  its  own.  The  Behmurri 
hinhtr  is  found  at  the  depth  of  about  6  feet,  but  an  earth  agglomerating  with  it  com- 
mences to  be  found  3  feet  from  the  surfac&  This  earth  is  quite  as  good  in  its  qualities 
as  the  full  formed  kunkur.  Behmurri  is  20  miles  west  of  Bustee,  and  25  north-east 
of  Fyzabad,  across  the  river  Gograh  on  the  Bustee  side. 

The  Behmnrri  lime  well  drenched  in  pits  with  water,  has  a  most  adhesive  property 
almost  fully  equal  to  shell  lime,  but  must  not  be  mixed  up  in  mortar  in  its  dry  state ; 
if  about  one  maund  of  shell  lime  be  put  into  the  mortar  pit  with  10  maunds  of  Beh- 
murri lime,  the  cement  will  be  all  the  stronger,  but  of  itself  is  quite  good  and  strong 
for  flooring,  for  plastering  walls  and  cementing  brick-work  ;  in  wall  building  it  is  first 
rate.  For  plastering  and  flooring  work«  it  requires  a  good  deal  of  beating,  and  ought 
to  be  kept  during  the  process  of  plastering  well  wet  and  moist. 

117*     Colonel  Sir  Probj  CSaatley,  an  eminently  practical  Engineer, 

wrote  as  follows  regarding  mortars  used  in  the  Upper  Doab : — 

**  The  varieties  of  lime  procurable  between  the  Himalayas  and  Delhi  are  peculiarly 
favorable  to  hydraulic  works.  The  beds  of  the  rivers  which  drain  the  valley  of 
Dehra,  situated  between  the  parent  mountains  and  the  Sewaliks,  are  loaded  with 
boulders  of  lime  rock ;  the  single  strata  of  the  Sewaliks  themselves  contain  also  a 
plentiful  supply ;  these,  with  the  main  outlets  of  tho  Junma  and  Ganges,  provide 
lime  for  all  the  upper  portion  of  this  Doab.  The  boulders  are  collected  and  cither 
burnt  on  the  spot,  or  carried  to  the  works  ;  in  the  former  instance  the  cost  of  the 
material  from  thchilh},  to  points  between  them  and  tho  town  of  Saharunpore  averages 
as  follows : — 
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R.    A. 

Cost  per  100  maands  ftt  the  kiln  from  8  to  10  Rfl.  My, 10   0 

Carriage  of  ditto  to  the  works  at  per  md.,  3  to  S|  aanas  say ,  • .        . .    21   4 

Customs  levied  at  the  gh&ts  or  )    -  .^  .^„.  ^,  k-h^v  i^^a  m   9 

passes  iB  the  Sewalils,  say,  j  *  •"  *°»*  P«'  ^^^^  ^^*       ^     «   2 

Total  cost  per  100  mds^       ••    88   6 

«  Although  (Ms  lime  is  in  many  cases  pure,  t.  e.,  crystalline  carbonate  wi&o 
mixtore — and  by  selecting  the  boulders  preyionsly  to  bmning,  may  be  obtained  sol 
ciently  pnre  for  the  whitest  stucco,  or  white-wash — the  article  from  tho  kilna  is  mil 
adulterated  with  days  and  metallic  oxides,  arising  from  the  varieties  of  lime  ro 
which  are  thrown  into  the  beds  of  the  rivers.  With  the  use  of  soorkee  therefore  ( 
pounded  brick),  this  lime  makes  an  admirable  water  cementi  In  wells  and  found 
tions  I  have  generally  used  it  in  the  following  proportions : — 

2  parts  soorkee 

1  ditto  lime,  or 

5  maunds,  or  400  lbs.  of  soorkee, 
1|  maunds  or  140  lbs.  of  stone  lime. 

mixed  well  together  in  a  mortar  mill  before  it  is  used.  Above  tho  level  of  the  wi 
I  have  found  it  advisable  to  reduce  the  quantity  of  soorkee  ;  the  cement  in  this  a 
consists  of 

H  parts  of  soorkee,  or  8|  maunds, 
1    ditto  of  lime,  or  1}  maunds. 

**  The  lime  in  fact  is  so  good,  that  where  well  burnt  bricks  are  used,  bad  maaoi 
is  entirely  out  of  the  question ;  the  builder  cannot  help  himself,  and  for  this  port! 
of  his  duty  deserves  no  sort  of  credit  whatever. 

"  This  stone  lime  is  used  universally  on  the  Doab  Canal  from  the  point  when 
leaves  the  Jumna  to  Rampoor,  a  town  twelve  miles  south  of  Saharunpore,  from  t 
the  marls  and  knnknr  limes  of  the  districts  come  into  use,  although  the  stone  limi 
brought  into  requisition  on  a  smaller  scale  for  arch-work  as  well  as  parapets ;  and 
plastering  masonry  works  it  is  solely  used. 

**  The  marl,  or  earth  lime  as  it  is  usually  called,  is  in  much  greater  abundance 
this  line  than  kunkur.  When  extracted  from  the  quarries  or  pits,  it  is  perfecUj  s 
and  friable,  in  which  state  it  is  kneaded  up  into  round  balls  about  2  or  8  indiei 
diameter,  which  are  placed  in  the  sun  to  dry,  previously  to  their  being  burnt  in 
kiln.  The  marls  dLScr  very  much  in  quality,  but  all  of  them  make  an  admira 
watexHsement  That  from  Jussooe,  a  village  on  the  khadir  of  the  Hlndun  riw 
the  most  approved  of,  and  is  delivered  on  the  works  within  a  circle  of  ten  and  fifl 
miles  at  about  12  rupees  per  100  maunds.  These  marls  are  full  of  fresh-water  sh 
of  species  now  existing  in  all  the  tanks,  jheels,  and  rivers  of  the  country  ;  thoae 
tnelania,  gymna,  planorhUy  being  the  greatest  abundance. 

*<  The  kunkur  limes  are  more  numerous  in  the  southern  districts  of  the  canal,  ti 
also  make  a  good  water-cement,  but  contain  no  remains  of  fresh-water  exuvias. 

**  Near  a  vUlago  called  Hursoroo,  twenty-five  miles  to  the  south  west  of  Delh 
very  superior  kunkur  lime  is  procured — ^the  formation  itself  is  intermediate  betwt 
kunkur  and  marl,  but  tho  position  of  the  quarries  from  which  it  is  excavated 
similar  to  that  in  which  all  this  material  is  procured,  in  a  low  tract  of  country,  ( 
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site  in  all  probability  of  a  lake  or  jheel  now  filled  up.*  The  same  fresh- water  shells 
as  are  found  in  the  marls  to  the  eastward  of  the  Jomna,  are  very  numerous  in  the 
Hnrsoroo  lime.  It  is  exported  in  large  blocks,  and  is  sold  in  Delhi  at  from  twelve  to 
fifteen  rupees  per  100  mannds.  The  cost  after  burning  varies  from  twenty-five  to 
thirty  rupees  per  100.  This  lime  for  a  water-cement  is  very  far  superior  to  any 
lime  that  I  have  met  with.  When  calcined  it  is  of  a  very  light  color,  and  might  be 
mistaken  for  the  stone  lime  of  the  Northern  Division.  In  the  locks  and  works  on  the 
Doab  Canal  appended  to  them,  at  Shukulpoor,  Sikrani,  and  Jaoli,  in  the  southern 
district  opposite  Delhi,  nothing  but  Hnrsoroo  in  the  following  proportions  has  been 
used  in  the  superstructure  : — 

1    part  of  Hnrsoroo, 

1^  ditto  of  Bujree,  f 

and  in  the  neighbourhood  of  Delhi  in  the  use  of  pounded  brick,  or  soorkee  has  been 
almost  entirely  superseded  by  that  of  Bujree.^ 

**  The  sand  stone  which  is  an  attendant  upon  the  great  quartzose  formation  of  the 
ridge  upon  which  Tughlukabad,  the  Kootub  Minar,  and  old  and  new  Delhi  stand, 
varies  from  compact  and  crystalline,  to  a  loose  and  friable  rock  ;  in  this  latter  case  it 
consists  of  an  agglutination  of  minute  angular  fragments  of  quartz ,  with,  in  some 
cases,  a  red  oxide  of  iron  in  such  abundance  as  to  give  the  strata  quite  a  peculiar 
character ;  in  other  cases  the  oxide  is  wanting,  and  this  friable  rock  is  of  a  light 
color.  For  roads  and  other  purpiises  these  varieties  of  the  sand  stone  are  much  in 
request,  and  amongst  the  natives  obtained  the  name  of  Bt^ree.  Nothing  could  be  a 
better  substitute  for  soorkee,  than  the  substance  in  question.  The  presence  of  the 
iron  oxide  is  in  every  way  favorable  to  its  value  in  hydraulic  works,  and  the  sharp- 
ness of  the  particles  of  which  it  is  composed  renders  it  an  admirable  mixture  with 
lime  for  plaster  or  stucca  In  this  form  it  stands  the  effect  of  the  climate  much  better 
than  soorkee  or  river  sand.  In  the  proportion  of  one  part  of  Hnrsoroo  lime  to  one 
part  of  bujree,  mortar  laid  on  with  a  float,  as  is  nsed  in  sand,  may  be  considered  very 
far  superior  to  it,  and  with  a  much  better  appearance  than  that  practised  by  the 
natiyes,  under  the  tedious  process  of  beating  with  the  thappcL  Thifi  Bujree  is  now 
universally  used  on  the  Doab  Canal  works,  at  all  points  at  which  it  can  be  delivered 
under  eight  rupees  per  100  maunds,  this  being  the  maximum  rate  of  pounded  brick. 
For  water-cementy  the  Hursoroo  lime  with  a  proper  proportion  of  this  red  bujree  may 
periiaps  be  considered  as  superior  to  all  others  attainable  in  this  part  of  the  world." 

*  Hnmcoo  b  iltaAtdd  on  a  nallah  wblob  rises  in  the  gmallbiUs  near  the  Eootitb  Minor,  and  flows 
into  the  sonth-wert  end  of  the  Foiraknaggar  jheel.  The  town  of  HoraoroOk  or  as  it  is  more  com- 
Bonly  celled  *'  Hnnoroo  ghnrree,'*  ie  about  two  miles  from  the  jheeL 

*  The  following  it  the  deteU  of  proporiioiw  used  in  the  oement  at  these  works,  and  as  thej 
were  boilt  in  1834-39,  a  snffident  time  has  eUqwed  to  jndgo  of  the  dnrahill^  of  the  masonry,  no 
xepair  of  any  desoriptian  having  token  place  np  to  this  period. 

[Hnrsoroo  Lime,    ...       ...  one  part. 

Earth  lime, ...  two  », 

Bujree,        •—       m*       •••  „  „ 

( Hursoroo  LimOi     ...       m.  one  „ 

-*      —       •^      ***  (Bujree,        one-and-a-half       „ 

( Hursoroo  Lime,     .m       —m  one  „ 

I  BUjiee,         ...       ..•       *••  „  „      ^ 

AmdaOd,  or  outer  thin  coating  given  f  Stone  Lime,  ^      ...       ...  eight  „ 

to  the  plseter,  as  a  finish,  ISoorkee,        one  „ 

%  Thii  has,  I  bdWve,  heoo  the  case  in  the  Delhi  woriDS  for  many  yean. 
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118.  There  is  much  difference  of  opiuion  as  to  what  sand  is  be 
for  mixing  with  lime.  Vicat  concluded  that  the  advantage  of  i 
different  descriptions  of  sand  employed  bj  him,  varied  with  the  i 
the  lime.  Others  recommend  sharp  hard  sand,  not  too  fine ;  w 
Totten  found  that  sand  as  fine  as  powder,  produce  as  good  retiall 

The  general  opinion  of  writers  has  been,  that  pit  sand  is  be( 
river  sand,  and  sea  sand  is  tlio  worst. 

It  is  probable  that  the  difference  of  opinion  on  this  subject  u 
from  the  different  kinds  of  lime  that  have  been  used.  Fat  lime 
harden  if  kept  damp ;  and  the  presence  of  salt  in  the  mortar  wi 
keep  it  so.  Hydraulic  limes  on  the  other  hand  harden  all  th 
though  not  so  quickly,  from  being  kept  damp ;  and  it  is  therefore 
able  to  suppose  that  in  either  case,  sea  sand  is  not  prejndici 
internal  plastering,  sea  sand  is  evidently  unfit,  on  account  of  the 
which  keeps  exuding  from  it,  disfiguring  its  appearenoe,  and  mi 
room  plastered,  damp  and  unwholesome. 

From  the  conflicting  opinions  on  the  subject  of  sand  we  may  co: 

Ist.  That  in  making  ordinary  mortar,  our  present  knowledge  a 
rience  would  not  justify  any  great  expense,  in  order  to  procure 
any  particular  color  or  grain,  or  from  any  particular  source.  I 
generally,  sand  either  too  coarse  or  too  fine  should  be  avoided. 

2nd.  That  for  ordinary  buildings  we  should,  if  possible,  use 
pit  sand  in  preference  to  sea  sand.  But  if  any  great  saving  is  e£ 
using  the  latter,  we  should  not  hesitate  to  do  so;  taking  the  p] 
to  wash  it  carefully  first. 

3rd,     That  for  hydraulic  building,  sea  sand  is  just  as  good  as  a 

4th,  That  in  all  cases,  it  is  worth  while  to  take  pains  to  clean 
before  using  it,  or  to  make  sure  that  it  is  clean. 

The  great  rule  in  mixing  mortar  is  to  see  that  the  lime  and 
thoroughly  and  intimately  amalgamated.  According  to  some  wril 
tinual  working  and  beating  is  also  essential  to  the  making  of  good 
this,  however,  is  doubtful.  The  ingredients  may  be  mixed  by  han 
pug-mill,  or  what  is  best  of  all,  under  a  wheel  or  stones  revolving 

119.  It  is  common  in  this  country  to  mix  a  small  quantity  of  il 
est  sugar  ("goor"  or  "jaghcry,"  as  it  is  termed  in  Madras),  with  t 
used  for  working  up  mortar.  Where  fat  limes  alone  can  be  procui 
bad  qualities  may  be  in  some  degree  corrected  by  it,  as  its  influonc 
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vnrkcd  in  the  first  solidification  of  tlio  mortar.  Cnptain  iSmitli  nttribntes 
the  fact,  tliat  mortars  made  of  calcined  shells  liave  stood  the  action  of  the 
veither  for  centuries,  to  this  mixture  of  "  jagliery  "  in  tlieir  composition. 
He  mtde  experiments  on  bricks  joined  together  bj  mortar  consisting  of  1 
put  common  shell  lime  to  1 }  sand.  One  ponnd  of  jaghery  was  mixed 
with  eadi  gallon  of  the  water  with  which  the  mortar  was  mixed.  The 
biidn  were  left  13  years;  and  after  that  time,  the  average  breaking 
voght  of  the  joint  in  20  trials  was  G^  lbs.  per  square  inch.  In  21 
ipedinens  joined  with  the  same  mortar,  but  without  jaghery,  the  breaking 
veigfat  was  4^  tt>s.  per  square  inch.  In  the  jaghery  mortars,  the  cohesion 
mdidhesion  were  nearly  equal ;  in  the  otliers  the  former  was  near  double 
tbektter.* 

120.  On  Applying  Mortar.— The  first  great  point  to  be  attended  to 
Id  ipplying  mortars,  is  tlie  necessity  of  thoroughly  wetting  the  materials  to 
be  joined;  and  this  is  a  point  too  frequently  neglected.  If  the  moisture  be 
nddenly  drawn  ofif  any  hydraulic  mortar,  it  will  not  harden.  Now,  dry 
Inida  and  most  stones  absorb  a  large  proportion  of  water,  so  that  if  mor« 
Ur  be  applied  to  the  dry  surface  of  a  brick  and  another  pressed  on  it,  the 
whole  of  the  moisture  will  be  pqueezed  out  of  the  mortar  and  taken  up  by 
the  bricks;  and  the  mortar  itself  will  crumble  into  powder.  Whereas,  if 
the  brick  be  already  thoroughly  wetted,  it  will  bo  able  to  absorb  no  more 
iDoistare,  and  the  mortar  will  set  as  it  ought. 

With  many  compact  stones,  such  as  granite,  marble,  &c.,  it  will  be  suffi- 
cient to  water  the  surface  at  the  moment  of  using  them.  But  porous 
Biterials,  such  as  sandstone  and  bricks,  should  be  allowed  to  soak  in  water 
Coreomehonrs  before  use.  In  a  series  of  experiments  on  English  bricks, 
weighing  from  5^  to  6  lbs.,  the  average  absorption  of  water  was  12  oz.  per 
brick;  and  some  large  bricks  at  Roorkec,  weighing  11  lbs.  when  dry, 
were  found  to  absorb  2  lbs.  of  water  in  24  hours  immersion.  In  a  climato 
like  that  of  this  country,  where  there  is  so  much  evaporation,  this  point 
•honld  be  especially  attended  to. 

^  next  requisite  in  applying  mortar  is,  that  the  mortar  should  be  as 
f^i^Ma  it  can  be  used,  without  inconvenience,  and  without  danger  of  all 
"^  iinevennesseses  of  the  joints  remaining  unfilled  when  the  bricks  arc 
^o'ced  li<MDe. 

*«e  third  requisite  is  to  prevent  rapid  drying  of  the  mortar  after  it  has 

*  ProfeoBional  Fapcn,  Madras  EDginoers,  Vol.  lY. 
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been  applied.     Tliis  point  has  already  been  alluded  to,  and  Table  IV.  gif 
the  result  of  Vicat*s  observations  on  the  subject. 

12L  Mortar  which  is  exposed  to  the  action  of  frost  before  it  has  m 
is  so  much  damaged  as  to  impair  entirely  its  properties.  In  building  then 
fore,  when  the  approach  of  frost  is  to  be  looked  for,  the  foondatioiia  an 
the  walls  ap  to  at  least  3  feet  above  the  ground,  should  be  laid  in  hj 
draulic  mortar,  which  will  set  rapidly ;  as  the  action  of  the  frost  is  Berera 
at  the  ground  leyel.  During  severe  frosts,  all  building  should,  if  ponibl 
be  suspended.  If  the  walls  arc  very  thick,  the  interiors  will  generally  I 
protected  from  the  cold,  and  it  will  be  enough  to  lay  and  point  the  exim 
joints  with  cement  or  superior  mortar. 

122.  Mortar  is  sometimes  applied  in  a  form  termed  grouting^  tbat  i 
mixed  with  an  excess  of  water,  and  poured  liquid  into  the  joints  of  the  mi 
sonry.  Colonel  Rancourt  de  Charleville  found  that  good  grouting  coal 
be  made  of  eminently  hydraulic  lime  and  fine  sand  mixed  with  water,  ai 
poured  immediately  into  the  joints ;  it  hardened  instantly  without  shrinldiii 
and  solidified  all  its  water.  Smeaton  formed  an  excellent  grouting  of  equ 
parts  of  lime  and  puzzuolana.  Grouting  is,  however,  not  approred  of  I 
all  Engineers.  Col.  Scott  thus  remarks  of  it — <*  If  the  joints  of  a  woi 
are  not  properly  flushed  up,  undoubtedly  grouting  is  of  great  adyantag 
especially  when  dry  bricks  are  employed  in  work,  but  the  strength 
grout  cannot  at  all  compare  with  that  of  good  stiff  mortar ;  for  groi 
when  the  water  dries  out,  is  merely  very  porous  mortar,  and  the  moi 
fluid  the  grout,  the  weaker  the  work  will  be." 

123.  Concretes. — Concrete  is  a  composition  of  small  stones,  brick 
or  rubble,  and  sand,  with  lime  (ground  to  powder),  generally  in  th 
proportions  of  from  |th  to  ^th  of  lime,  to  1  of  the  mixture  of  rubble  m 
sand.  After  the  ingredients  are  thoroughly  mixed,  and  water  has  bee 
added,  the  concrete  hardens  into  a  solid  mass. 

124.  Some  authors  draw  a  distinction  between  concrete  and  b^ton 
regarding  beton  as  being  made  with  hydraulic  mortar :  and  concrete  pr< 
pared  from  non-hydraulic  limes.  Others  again  consider  the  difference  i 
be  in  the  mode  of  mixture :  when  the  cement  or  lime  is  first  mixed  wi* 
sand,  and  treated  as  a  mortar  before  being  incorporated  with  stone  • 
gravel,  it  is  termed  beton :  and  when  that  preliminary  operation  is  omi 
ted,  it  is  called  concrete,  Beton  may  thus  be  said  to  be  the  French  procet 
while  concrete  is  the  analogous  but  clumsy  operation  as  orginally  follow< 
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m  England.     Bnt  such  distinctions  are  too  nice  for  practical  parposeF, 
and  the  names  concrete  and  beton  may  be  considered  synonymous. 

125.  Concrete  should  not  be  made  from  rich  limes,  unless  such  are 
mprofed  by  bemg  combined  with  powdered  brick,  puzzuolana,  &o.  If 
Ixmever  drcomstances  compel  the  use  of  rich  lime,  it  must  be  reduced 
to  the  finest  powder  by  slaking  or  grinding,  and  evenly  sifted  through  a 
voy  fine  sieTe :  then  mixed  with  a  proper  proportion  of  aggregate  (gra- 
n\f  sand,  &c.),  and  wetted  not  over  much,  bnt  sufficiently  for  its  com- 
plete conversion  into  a  hydrate.  The  rough  process  of  taking  rich  lime 
fresh  from  the  kiln,  mixing  it  with  the  aggregate,  and  then  wetting  and 
taming  over  both  together  by  manual  labor,  cannot  so  thoroughly  effect 
the  reduction  of  the  lime  as  to  prevent  the  presence  of  large  pieces  of 
it  in  an  unslaked  condition,  which  will  eventually  prove  highly  prejudi- 
oil  to  the  mass  of  concrete.  Such  a  mode  of  manufacture  should  not 
therefore  be  resorted  to.  The  poor  or  hydraulic  limes  are  better  adapted 
for  concrete  purposes,  in  consequence  of  the  amount  of  silica  which  they 
eontun.  They  also  require  to  be  reduced  to  the  finest  powder  by  grind- 
ing or  slaking  (a  No.  40  gauge  sieve  should  be  used).  Such  finely 
powdered  lime,  can  be  kept  for  a  long  time  if  packed  in  well  made  paper 
lined,  barrels,  guarded  from  the  air,  and  kept  dry. 

126.    In  all  concretes  it  is  necessary  to  adjust  the  proportions  of 

lime,  sand  and  gravel,  so  that  no  vacuities  will  occur  in  the  mixture. 

With  an  aggregate  of  an  average  size  of  2  inches,  it  will  be  found  that  in 

^'^ery  cubic  yard,  there  will  be  vacuities  eqnal  to  eleven  cubic  feet,  so  it  is 

necessary  that  the  mortar  should  be  equal  in  quantity  to  that  interstitial 

space.    The  results  of  experiments  seem  to  show  that  the  best  results  are 

produced  when  the  size  of  the  pieces  of  aggregate  is  a  minimum.     Major 

^'  Browne,  R.E.,  after  building  many  arches,  &c.,  of  concrete  on  the  Kan- 

gra  valley  roads,  recorded  his  opinion  that  concrete  in  the  form  of  mortar 

withont  stone,  would  be  in  the  long  run  the  best  and  strongest,  but  it 

^otH^  take  much  longer  to  set :  and  Mr.  J.  E.  Tanner's  experiments  (for 

concrete  arching  on  the  Sirhind  canal),  appears  to  corroborate  this  view.* 

^oignet's  beton  agglomere  which  has  been  used  extensively  for  houses, 

churches,  arches,  the  Paris  sewers,  &c.,  is  a  concrete  in  which  no  stone  or 

gravel  is  used,  an«l  the  largest  piece  of  sand  is  no  larger  than  a  pea.     In 

^he  Thames  embankment,  it  was  made  and  used  in  the  following  manner : — 

•  Vide  pun.  ISO. 
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Stone  lime  was  nacd,  and  after  being  slaked  with  water,  it  was  passed  thioi 
exceedingly  fine  siere :  the  necessary  quantity  of  Portland  cement  (a  flnci 
quantity  aooording  to  quality  of  the  work  and  its  cost)  was  added,  with  a  fine 
clean  rlTsr  sand.  The  whole  was  then  put  into  a  specially  constnicted  poj 
with  the  smallest  quantity  of  water,  and  thoroughly  amalgamated.  From  th< 
mill  it  was  at  onoe  wheeled  in  barrows  to  the  destined  part  of  the  work,  and 
spread  in  layers  of  about  6  inches  deep,  being  carefully  raked  and  slightly  n 
The  works  in  question  were  executed  during  the  winter,  and  although  nnde 
unfavorable  circumstances,  the  centres  upon  which  it  was  placed  wero  straek  : 
than  14  days  without  any  damage  to  the  arches.  The  appearance  of  the  wo 
pleasing,  and  closely  resembled  some  varieties  of  Bath  stone  in  texture. 

127.  Lime  has  been  used  in  conjanction  with  puzzaolanas,  trasi 
poauded  brick  for  concretes  for  a  long  period  of  time,  more  especis 
works  of  a  subaqueous  character ;  but  rich  limes  are  more  improT 
such  mixture  tlian  the  poor  or  hydraulic  ones ;  indeed  in  the  cato  < 
best  poor  limes  it  is  unnecessary. 

General  Treussart  recommends  the  following  proportions  by  m< 
for  bet  on  :^ 

For  Formon 

ocdinsry        ImportCDt 
work.  work. 

Obernai  quick-lime,       *80  *80 

Sand,        ...        ...  •••        •••        •••        ...  *7o  *&H 

Hydraulic  cement,*        0  *20 

\jr  ravel,     ..•        •••  .••         •••        •••        ••*  *^o  *2o 

Stone  chips,         ...  ...        ...        ...        ...  *oO  *50 

The  beton  was  thus  made  in  heaps  of  1-80  parts,  which  on  being  n 
sustained  a  diminution  of  ^th  or  !th  their  bulk.  Each  heap  cent 
about  64  cubic  feet  of  materials ;  tlie  mortar  was  made  first,  and  req 
4  men  to  make  it,  the  stones  and  gravel  boing  added  to  it. 

The  following  also  are  mixtures  extensively  used  by  him:  — 

,-    ,      ,.    ,.  No.  1.    No.  i. 

Hydraulic  lime,  very  energetic,  measured  in  bulk 

before  slaking,        30  33 

Trass  from  Anderuach, 80  Q 

Puzzuolana  from  Italy . .  0  45 

Sand 30  22 

Broken  hard  liniestone, 40  60 

The  first  mixture  required  to  be  used  at  once,  the  second  req 
exposure  for  12  hours  before  being  put  in  place. 

These  combinations  are  not  of  much  practical  value  in  this  coc 
from  the  scarcity  of  the  volcanic  products,  but  will  serve  as  a  guide  y 

By  Ilydrauiic  cemefU,  Treuhssart  appeorct  to  have  mcnnt  trass,  or  puzzuolana,  which  wi 
added  when  there  wa«  not  time  for  the  lime  to  set  before  being  expoeod  to  wet. 
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it  is  intended  to  nge  tlias  artificial  equivalents  in  the  shape  of  bnrnt  clayB, 
IK  lome  snch  analogons  mineral  substance. 

Boman  cement  from  its  quick  setting  properties  is  unsuited  for  use  in 
«Mierete  for  ordinary  bouse  building,  but  owing  to  this  Ycry  property,  it 
ii frequently  employed  in  the  preparation  of  concrete,  where  much  running 
filer  in  foundations  prevents  lime,  or  Portland  cement,  concrete  from  set- 
ting quidcly  enough  for  such  work;*.     It  cannot  be  used  with  a  large 
profXfftion  of  aggregates,  and  is  therefore  seldom  used  for  general  concrete 
parpofies.    When  Roman  cement  is  used,  it  sliould  be  powdered  dry  on  to 
tke  iggregate,  (1  part  of  cement  to  4  of  aggregate),  and  the  mixture 
ihoQld  be  carefully  wetted  by  a  light  spray  of  water ;  no  ramming  being 
allowed,  as  the  action  of  the  rammer  would  disturb  the  indurating  action 
ikicb  speedily  sets  in. 

In  all  cases  where  practicable,  preference  should  be  given  to  Portland 
tmaa  concretes.  The  proportion  of  cement  to  aggregate  varies  very  much. 
In  the  London  main  drainage  works,  where  special  excellence,  regardless 
of  cost,  was  aimed  at,  the  cement  of  the  finest  quality  was  used  with  only 
1  of  8and  to  1  of  cement.  In  the  sea  forts  of  Copenhagen  the  following 
proportions  were  used  : — 

1  part  Portland  cement, 
4    „    Sand, 
16    „    Fragments  of  stone. 

Atcij  nsnal  proportion  for  foundations  is  1  part  of  cement  to  10  of 

nod  or  gravel.     In  the  absence  of  machines  for  mixing  the  material,  the 

<iKQ«l  plan  adopted  is  to  spread  the  stones  or  gravel  on  a  hard  surface, 

Old  thoroughly  saturate  this  aggregate ;  then  upon  these  is  spread  a 

^*jer  of  the  previously  prepared  mortar  in  the  agreed  proportions ;  the 

necessary  amount  of  water  is  added  and  the  whole  mass  then  carefully 

>Dixed  and  turned  with  rakes  and  hoes,  and  then  rammed  incessantly  with 

"^^^  iron  rammers,  until  the  mass  is   absolutely  solid.     But  in  large 

*^fks  it  is  now  customary  to  perform  the  operation  of  mixing  by  ma- 

^"'iieg.    It  must  be  borne  in  mind  that  when  concrete  is  to  be  used  in 

^^Hches,  it  should  never  be  tipped  from  a  height,  but  placed  gently  in 

Potion  and  carefully  levelled.     The  old  practice  of  throwing  cement  from 

*  height  was  attended  with  injury  to  the  mixture  from  the  tendency  of 

the  larger  pieces  of  gravel  to  detach  themselves  from  the  mass  while  being 

tipped. 
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128.  B<»ton  as  used  in  France  for  subaqueous  work  is  generally  mat 
and  lowered  into  the  water  in  a  box,  so  constructed  that  it  can  be  opene 
and  its  contents  discharged  by  pulling  a  cord,  so  as  to  deposit  the  bete 
on  the  bottom  without  allowing  it  to  fall  through  a  depth  of  water  wliic 
might  wash  away  the  lime.  The  box  should  be  lined  with  a  casing  < 
tarred  canvas,  a  large  bag  in  fact,  which  remains  round  the  beton  aft 
the  box  has  been  removed.  Sheet  piling  ought  to  be  built  all  round  1 
protect  tlie  fresh  work  from  the  action  of  the  water,  as  this  is  quite  e 
sential.  In  India,  beton  has  been  much  used  in  Blling  in  the  well  cylii 
dcrs  forming  the  piers  of  so  many  of  the  Railway  Bridges,  the  bete 
being  lowered  in  an  iron  sUpj  which,  on  touching  the  bottom,  opens  a 
and  discharges  its  Contents. 

Beton  has  been  employed  on  a  very  large  scale  by  the  French  in  tl 
harbour  works  at  Algiers.  Masses  were  sunk  in  caissons  lined  with  ta 
red  cloth  of  from  2,000  to  6,000  cubic  feet  each.  Blocks  also  as  large 
1,765  cubic  feet,  were  made  in  moulds  on  the  shore,  and  sunk  after  beii 
set.  The  composition  of  the  former  was,  1  part  of  rich  lime  to  2  parts 
Italian  pozznolana.  For  the  blocks  set  on  shore,  sand  was  mixed  in  eqc 
quantities  with  the  puzzuolana.  The  point  was  fully  established  at  Algic 
that  blocks  of  b^ton  have  sufficient  strength  to  resist  the  heaviest  se 
without  injury,  and  that  they  form  an  indestructible  mass.  These  bloc 
were  found  immovable  when  above  353  cubic  feet  in  size.  M.  Poirel  h 
thus  summed  up  the  advantages  of  this  style  of  subaqueous  foundation 
"  1st,  Immediate  stability  whilst  ordinary  rubble  work  is  never  seem 
2nd,  Incomparably  greater  facility  in  the  carriage  of  materials,  genera 
so  troublesome  and  e^^pensive  when  blocks  have  to  be  quarried  ezcee 
ing  100  cubic  feet ;  3rd,  A  considerable  reduction  in  the  sectional  ai 
of  the  pier,  and  consequently  a  remarkable  saving  of  cost;  4th,  Tl 
the  system  is  everywhere  applicable,  now  that  our  advanced  knowled 
of  the  subject  of  hydraulic  mortars  enable  us  to  make  beton  in  evi 
locality."* 

129.  Engineers  often  look  on  foundations,  and  such  works  as 

*  Sir  John  Rennle  doon  not  consider,  with  M.  Poirel,  that  fmbmarino  foundntionfl  of  concret 
Mton  block  aro  any  better  than  those  Mfi  pi frre  perdue ^  that  is.  by  throwing  in  blocks  of  fton 
random.  The  question  would  then  be  which  would  be  the  cheapest ;  and  this  of  course  must ' 
with  locality.  At  Algiers  it  appeared  b^ton  was  cheaper  than  stone- work ;  and  it  is  very  impor 
to  know  that  in  such  cases  it  would  at  least  answer  as  well,  if  no  better.  See  Bcnnie's  •*  Trcotif 
Harbours." 
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htre  mentioned  in  the  last  para.,  as  being  the  only  legitimate  field  for 
the  086  of  concrete.     It  has,  howeyer,  been  used  for  very  different  objects. 
Whole  buildings  have  been  constructed  of  concrete;  sea  and  wharf  walls, 
t»ffen,  church  pillars,  and  even  the  piers  and  arches  of  bridges.      It 
hu  been  asserted  that  the  pyramids  of  Egypt  are  built  of  artificial  blocks 
of  stone,  composed  of  small  stones  and  lime.     The  Romans  used  it  for 
manj  of  their  great  public  buildings,  such  as  the  palace  of  the  Emperors, 
Colosseum,  and  many  of  their  aqueducts  and  theatres. 
Treossart  considers  concrete  admirably  adapted  for  all  works  where  dry- 
er water- tightness  are  of  consequence,  such  as  grain-cellars,  maga- 
ones,  casemates,  aqueducts,  &c. 

CoDcrete  may  be  thus  used,  either  by  making  it  in  moulds  into  great 
artificial  blocks  of  stone,  and  using  them  when  hardened,  as  ordinary 
luge  stones  are  in  masonry ;  or  walls  may  be  built  of  fresh  concrete  ram- 
med tight  between  frames,  like  Pis^  work.  One  very  strong  argument  in 
iiTor  of  block  making,  is  the  advantage  of  ascertaining  the  quality  of 
the  concrete  before  it  is  placed  in  position ;  an  advantage  not  secured  by 
tnme  building,  which  necessitates  the  uninterrupted  continuance  of  the 
vork,  which  if  executed  with  a  bad  quality  of  cement,  would  entail  heavy 
Ion.  The  quantity  of  cement  required  for  blocks  is  less  than  that  which 
nnut  be  used  in  the  monolithic  mass. 

He  Italians  made  concrete  blocks  4  feet  8  inches  x  2  feet  8  inches, 

rticb,  after  being  buried  under  ground  for  2  or  3  years  attained  great 

''''(bess,  and  were  used  in  the  angles  of  the  fortifications  of  Alessandria. 

*30.    Concrete  arches. — Near  Barcelona,  is  a  bridge  consisting  of  2 

"^  of  arcades  placed  one  on  another,  150  feet  high,  and  700  feet  long, 

^posed  entirely  of  concrete.     At  Grisoles,  in  the  South  of  France,  a 

^*iial  bridge  was  built  of  the  same  substance  (2  parts  hydraulic  lime  to  3 

P*rt8  of  sand,  and  5  parts  of  gravel  stones)  of  39^  feet  span,  5^  feet  rise, 

*^d  19|  feet  broad.     The  abutments,  spandrels,  arches,  &c.,  were  all  of 

^Hcrete;  the  only  exception  being  that  the  corners  of  the  abutments, 

**^eath  the  bridge,  were  faced  with  stone  to  receive  the  rubbing  of  the 

^Wing  ropes,  and  that  the  angles  where  the  intrados  meets  the  two  faces 

^^   tie  bridge  are  of  brick.      The  excavation  of  the  foundations  began 

"^ii.e  15th,  1840,  and  the  last  piece  of  centering  was  removed  from  the 

^^^JXicture  on  January  25th,  1841. 

'An  esperimental  bridge  arch  of  75  feet  span  and  7|  feet  rise,  made 
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entirely  of  concrete,  was  a  few  years  ago  constrncted  over  the  Metropo 
litan  Railway  (London),  and  has  proved  quite  successful.  The  concret 
was  3^  feet  thick  at  the  crown  of  the  arch,  increasing  towards  th 
haunches,  which  ahut  upon  concrete  skew-backs.  The  concrete  wa 
composed  of  6  parts  gravel  to  1  of  Portland  cement,  carefully  laid  in  mas 
upon  close  boarding  set  upon  the  centering,  and  enclosed  at  the  sidef 
The  following  is  extracted  from  Engineering  of  25tli  December,  1868. 

**  The  amount  of  concrete  employed  in  the  bridge  was  about  4,800  cubic  fcet^  whid 
weighing  one  hundred  weight  and  a  quarter  per  cubic  foot,  devclopes  a  gross  weigfa 
of  300  tons  from  the  structure  alone.  The  centre  of  gravity  in  the  half  span  bein 
IG  feet  G  inclics  from  the  abutment,  the  weight  of  the  same  150  tons,  and  the  rise  < 
the  arch  7  feet  G  inches,  the  thrust  at  the  crown  is  equal  to  330  tons. 

"  The  arch  being  3  feet  G  inches  deep  in  the  centre,  and  12  feet  wide,  a  sectioiL 
area  of  42  square  feet  is  available  to  resist  the  thrust,  which  is  consequently  equal  i 
7  tons  17  cwts.  per  square  foot.  The  additional  strain  imposed  upon  the  bridge  p* 
foot  run  for  every  ton  of  distributed  load  is  equal  to  2^  tons  per  square  foot,  ti 
the  maximum  strain  for  a  rolling  load,  is  about  3^  tons  per  square  foot,  when  ft 
load  is  at  five-eighths  of  the  span. 

**  Fromthese  trials,  it  is  fair  to  assume  that  a  thoroughly  well-constmcted  ardi 
concrete  is  absolutely  stronger  than  a  similar  one  of  brick  ;  but  in  practice  the  dang 
arises  that  it  would  be  difficult  to  ensure,  so  high  a  quality  of  concrete  as  that  e: 
ployed  in  the  present  instance,  and  the  proper  supervision  of  the  contractor's  Wa 
by  the  engineer  would  be  almost  impossible  in  structures  of  this  material,  whilst  i 
inspection  of  brickwork  is  an  easy  matter. 

'*  The  utter  uselessncss  of  inferior  concrete  was  sho^n  by  the  failure  of  the  briA 
which  was  previously  erected  on  the  site  of  this  present  one,  which  yielded  am. 
its  own  load  when  the  centres  were  struck  ;  whilst  this,  made  with  Portland  cenM 
and  laid  with  all  the  care  the  contractors  could  exercise,  was  altogether  a  spa* 
piece  of  work.  It  is  not,  therefore,  by  any  means  to  be  inferred  that  it  woald  be  ■ 
to  substitute  concrete  for  brickwork  under  ordinary  circumstances  ;  but  now  we  kv 
that  we  can  rely  upon  the  material  whenever  exceptional  conditions  render  its  aA 
tion  expedient  or  imperative," 

Major  James  Browne,  R.E.,  when  in  charge  of  the  Kangra  valley  roa« 
used  concrete  for  the  arches  of  all  culverts  up  to  10  feet  span,  and  bri 
also  a  40  feet  span  bridge  of  the  same  material.  In  the  Kangra  val 
ordinary  arch  work  cost  from  Us.  20  to  Rs.  40  per  hundred  cubic  fe€ 
while  the  rate  for  concrete,  for  arches  of  any  size  amounts  only  to  Hb 
per  100  cubic  feet.  Major  Browne  recommends  that  all  arches  should 
elliptical  and  not  segmental ;  as  in  a  segmental  arch  the  stones  w< 
down  from  the  ramming  into  the  corner  formed  between  the  arch  and  1 
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tbottiiig  block,  (as  bhown  in  sketch),  and  the  uiorUr  of  the  concrete 

works  np.  The  best  results  in  his  ex- 
periments were  obtained  from  the  fol- 
lowing ingredients — 1  lime,  2  sand,  4^ 
stones,  the  sand  being  pnre  washed 
riyer  sand,  composed  chiefly  of  granite 
particles,  the  lime  being  from  boulder 
lime  stones,  and  the  stone  broken 
gnoite;  soorkee  howeyer  in  the  concrete  while  delaying  the  hardening^ 
psn  more  ttnacity  than  obtained  from  sand :  broken  arches  giving  slowly 
ad  Beeming  to  tear ;  while  those  baUt  with  sand  often  during  his  ox- 
poiments  broke  at  once  without  giving  a  sign.  These  Kangra  valley 
eoaerete  arches,  when  8  feet  in  span,  and  1  foot  thick  at  crown,  bore  before 
loMUog  1,863  tbs.  per  square  foot  of  roadway. 

With  a  view  to  deciding  as  to  the  advisibility  of  using  concrete  monoli- 

tUo  irches  for  the  superpassages  of  the  new  Sirhind  canal,  experiments 

wnmsde  by  Mr  J.  E.  Tanner,  C.E.,  on  concretes  formed  of  stone  lime 

froB  tie  Punjab  hills,  kunkur  lime  from  Loodiana,  Sutlej  river  sand, 

vd  biiok  broken  small  to  pass  through  |  inch  rings.     With  these  ma- 

^1  a  brick  arch  45  feet  span,  3  feet  thick  at  crown,  was  built  as  a 

**ttpl6  for  bridges  ;  and  a  roof  9  inches  thick  at  crown,  1  foot  rise,  and  15 

'^tipan  was  built  of  concrete,  composed  of  1  part  of  stone  lime,  1  part 

^^ra,  3  parts  brick  gravel.     The  latter  bore  380  tts.  per  superficial  foot 

**fcre  it  broke.     The  results  of  the  experiments  showed  that  the  concrete 

'^  of  the  9mall  was  undeniably  stronger  than  that  made  with  lanje  ma- 

^'^,  and  that  the  more  it  was  consolidated,  the  stronger  it  became  :  also 

^*t  the  amount  of  water  used  very  much  effects  the  results,  for  if  too 

'^^ch  water  be  used,  the  concrete  cannot  be  consolidated. 

13L    Concrete  has  also  been  used  in  building  three  and  four-storied 

nouses  without  crushing ;  so  little  has  to  be  feared  from  it  on  that  score. 

One  great  advantage  about  concrete  structures  is  the  cheapness  with  which 

bey  can  be  made.     While  modern  art  has  very  much  facilitated  almost  all 

other  kmds  of  work  by  the  use  of  mechanical  contiivances,  brick- work 

still  remains  as  completely  as  ever  hand  labor,  requiring  skilled  workmen, 

«m1  taking  a  long  time  to  execute.     Now,  by  substituting  concrete  for 

*"ick  and  stone  masonry,  we  do  away  with  this  necessity  for  skilled  and 

^'^^c^iuenily  expensive  workmen ;  as  any  ordinary  laborers  can  mix  the 
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ingredients  and  ram  them  down  when  mixed.  This  is  not  so  much  fe 
India  where  manual  lahor  is  so  cheap,  as  in  Europe ;  although  hero 
in  many  cases  of  extensive  works,  much  money  might  probahlj  be  • 
by  it.  It  was  recommended  to  be  used  for  the  projected  weir  acron 
Oanges,  by  the  Ganges  Canal  Committee  in  their  Report  of  1866. 

It  must  be  remembered,  however,  that  artificial  stones  made  of  eon( 
must  be  protected  from  the  frost  until  the  mortar  has  thoroughly 
and  generally  speaking,  concrete  blocks  appear  eminently  unsuitable 
situations  in  which  by  constant  collisions,  pebble  after  pebble  ma; 
detached. 

132.  On  Plasters. — It  may  be  laid  down  as  a  principle  that  | 
masonry  composed  of  well  burnt  bricks  and  good  mortar,  requires  in  g 
ral  no  plaster  either  to  preserve  or  beautify  it.  A  good  builder  will 
pride  in  his  brick-work,  and  will  be  sorry  to  see  it  covered  up  as  an 
sightly  thing.  This  principle  has  been  too  much  lost  sight  of  in  £ 
although  there  has  been  lately  a  great  improvement  in  this  respect; 
the  works  on  the  Baree  Doab  Canal,  on  the  Railways  and  elsewhere,  i 
how  little  good  masonry  requires  such  embellishment.  Many  seei 
attach  the  idea  of  want  of  finish  to  unplastered  masonry.  And  some, 
may  be  supposed  not  to  object  to  the  appearance  of  red  brick  and  v 
mortar  joints,  yet  believing  implicity  in  the  necessity  of  plaster,  ti 
produce  a  pleasing  effect  by  the  contemptible  sham  of  painting  their  pli 
to  look  like  brick  work !  There  are,  however,  many  cases  in  which 
quite  lef):itiDiate  to  use  plaster.  If  the  building  is  not  one  of  great  im] 
ance,  or  if  the  masonry  is  not  intended  to  be  exposed  to  any  unusual  st 
the  saving  in  India  is  so  great  by  using  underburnt  bricks  in  plac 
"  pucka  "  ones,  or  by  using  mud  in  place  of  mortar,  that  houses  are 
stantly  built  of  this  description,  and  with  such  it  is  necessary  tc 
plaster.  Occasionally,  too,  buildings  are  so  ornate  that  there  is  not 
more  incongruous  in  plastering  the  outsides  than  in  plastering  the  in 
of  ordinary  houses.  There  arc  some  beautiful  examples  of  this  in  n 
arcliit(;cture,  as  in  Lucknow  and  elsewhere. 

This  is  not  the  place  to  discuss  whether  it  is  true  architecture  to 
buildings  from  classical  models,  substituting  bricks,  and  wooden  linte 
massive  blocks  of  stones.  If  it  is,  assuredly  such  buildings  should  be 
tercd.  It  would  however  be  difficult  to  find  any  order  or  style  of  arcl 
ture,  in  its  best  days,  intended  to  be  carried  out  by  plastered  brick  y 
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Haster  should  be  used  when  there  is  any  object  in  haying  the  surface  of 
of  the  brickwork  smooth  ;  as  in  the  case  of  a  brick  vault,  or  arched  roof. 
if  the  outside  were  left  unplastered,  rain  would  penetrate  through  the  finest 
joints ;  and  in  such  a  case  plaster  is  employed,  not  so  much  to  protect  the 
masonry  as  to  oppose  a  smooth  surface  instead  of  a  rough  one,  for  the 
water  to  run  off.  Lastly,  in  all  common  masonry,  interiors  of  rooms,  &c., 
are  plastered. 

133.  Outside  plaster  in  this  country  differs  very  little  in  its  nature 
from  ordinary  mortar  used  in  building.  As,  however,  less  strength  is 
required  of  plaster  than  of  mortar,  it  is  usual  to  mix  a  larger  proportion 
of  sand  or  soorkee  with  the  lime.  The  presence  of  the  sand  also,  as  stated 
in  para.  97,  is  positively  beneficial  up  to  a  certain  point,  as  it  diminishes 
the  shrinkage  of  the  plaster  in  drying.  In  England  a  much  larger  propor- 
tion of  sand  is  generally  used  with  the  lime  than  in  this  country ;  probably 
because  the  lime  is  much  more  carefully  made,  and  the  ingredients  more 
carefully  mixed.  As  mentioned  before,  great  caution  should  be  used  to 
mix  plaster  with  fresh  water,  and  Jreah  water  sand  only,  as  the  presence 
of  any  salt  will  cause  constant  damp  on  the  walls. 

The  following  directions  were  given  by  Colonel  Sir  P.  T.  Cautley,  relative 
to  the  plastering  of  the  Solani  aqueduct.  The  plaster  as  may  be  sup- 
posed from  the  materials  used,  is  very  good,  but  also  very  expensive. 

\$L  Plastering  consists  of  three  coats  or  layers,  the  first  of  which  is  called 
**choonAh,"  and  is  composed  of  1^  parts  of  stone  lime  to  one  part  of  soorkee,  well 
mixed  with  $unni  (hemp),  cut  in  small  pieces,  and  beat  down  with  the  mistree's 
wooden  tapkee.    This  coat  is  liud  on  as  thin  as  possible. 

2nd,  The  second  coating  is  called  <*  sandullah/'  and  is  composed  of  2  parts  of 
atone  lime  to  1  part  of  soorkee,  finely  sifted,  (but  without  the  mixture  of  sunni,)  to 
he  laid  on  very  thin,  beat  down  a  little  and  smoothed  off. 

Zrd,  The  third  coating  is  called ''  rung,"  and  consists  of  7  parts  of  best  unslaked 
lime  {phoot)  to  1  of  the  very  best  and  reddish  colored  soorkee,  finely  nfted.  This 
is  put  into  a  large  earthen  ndnd  filled  with  water :  it  is  then  mixed  up  well  with  the 
hand,  and  strained  through  a  fine  cloth  into  common  water  bandies,  and  allowed 
to  settle  for  a  few  hours :  after  which  the  water  on  the  top  is  removed,  and  the 
mixture  at  the  bottom  becomes  the  rung,  which  is  laid  over  the  plaster  with  a  brush, 
and  polished  off  with  a  ri^  mistree's  little  trowel  or  kumee, 

134.  In  England,  when  plaster  is  to  be  laid  in  two  or  three  coats, 
much  stress  is  placed  on  scratching  the  first  coat  while  moist  with  a  succes- 
sion of  lines  crossing  each  other  like  trellis  work,  so  as  to  form  a  rough 
surface  to  which  the  second  coat  may  adhere.  In  this  country  plaster  is 
generally  consolidated  by  being  patted  for  some  time  with  a  small  wooden 

VOL,    I.— THIRD   EDITION.  Y 


1C2  LIMES,    0EMENT8,   MORTARS; 

trowel  termed  a  **  tapkee  ;**  a  long  and  tedions  operation.  For  interiof) 
is  sufficient  to  ^*  float "  the  plaster,  that  is  to  lay  it  on  very  mout,  a 
smooth  it  by  passing  a  straight  edge  in  different  direcUona  oyer  ito  bwA 

A  common  mixture  for  coarse  plaster  in  English  interiors  conaiali  of 
cubic  feet  of  mortar,  made  of  equal  parts  of  lime  and  fine  sand  mil 
with  1  ib.  of  clean  ox  hair.  For  an  upper  coating,  fine  wlute  lime  buix 
with  a  yery  small  quantity  of  hair  is  used,  without  sand  at  alL  Iha  Uq 
used  is  slaked  with  a  great  deal  of  water,  and  run  out  into  a  baaiiiy  wiiei 
the  water  evaporates  leaving  a  creamy  paste. 

136.  Oypsum. — Wherever  gypsum  can  be  obtained  eanly  in  Europi 
it  is  used  exclusively  for  plaster.  It  is  commonly  termed  **  Flaatsrti 
Paris,"  as  it  is  found  in  great  quantities  near  that  city.  It  is  qnanifllii 
large  blocks,  burnt  at  a  low  heat,  reduced  to  powder,  and  carefully  pnlis- 
ted  from  the  air,  as  it  absorbs  moisture  with  great  avidity ;  when  mixii 
^ith  water  it  increases  in  volume.  The  extent  of  the  burning  b1io«U  he 
such  that  I  of  the  contained  water  should  be  driven  off.  If  the  gypsna  ha 
over-burned  it  becomes  anhydrous  sulphate  which  will  not  set  again  OB 
addition  of  water.  The  ptoper  degree  of  burning  is  between  218*  ni 
272*^.  It  is  applied  for  the  first  coats  very  stiff,  and  more  fluid  for  the 
last  coat.  Owing  to  its  great  solubility,  gypsum  is  unfitted  for  exftmd 
work. 

The  masons  of  Minorca  use  a  cement  made  of  gypsum,  which  they  ^ 
'^gueesh,"  for  cementing  together  the  cut  stone  with  which  they  build;  nd 
in  making  partition  walls,  often  reduce  them  to  a  tliickness  of  four  inchflS 
by  building  them  of  small  flat  stones  thus  cemented.  In  India,  gypson 
is  sometimes  used  for  the  fine  joints  of  cut  stone  masonry;  and,  wfaM 
very  abundant,  is  occasionally  mixed  with  sand  in  rubble  masonry.  I 
was  largely  used  by  the  Mogul  architects  for  the  internal  decoration  o 
their  buildings.  When  thus  used  at  Agra  it  is  called  ^'guch.''  Althongl 
found  in  various  parts  of  India,  (as  in  the  Dehra  Doon,)  little  use  is  mad 
of  it  in  modem  Indian  architecture. 

136.  Stnooo. — The  name  of  Stucco  is  given  to  a  species  of  plasterin 
worked  to  resemble  marble.  It  is  generally  made  of  lime,  mixed  wit 
calcareous  powder,  gypsum,  and  various  other  substances ;  it  become 
very  hard  and  is  capable  of  receiving  a  fine  polish.  The  Italiaoa  lay  o 
stucco  in  three  coats ;  the  first  very  coarse ;  the  second  finer,  and  formiii^ 
a  smooth  even  surface ;  on  the  top  of  which  is  laid  the  third  coat,  compose 
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tt  lieh  lime  which  has  been  very  carefully  and  thoronghly  slaked  and 
}mmA  tbroagh  a  siere,  mixed  wUh  poanded  white  marble ;  or  sometimes^ 
briBterioTBy  with  gypsum. 
The  different  colors  are  obtained  by  mixing  with  the  lime  certain  metallic 
infa;  as  for  instance,  to  obtain  a  blae,  2  measures  of  marble  powder,  1 
rf  Hue,  and  ^  measure  of  oxide  or  carbonate  of  copper  is  used.  To  obtain 
giwi,  green  enamel  is  mixed  with  the  marble  powder.  Grays  are  produc- 
ilbj  a  mixture  of  ashes  with  the  marble.  Blacks  by  using  foi^e  ashes 
cntiiiiing  particles  of  iron.  Litharge,  or  calcined  ochre,  gives  a  red ;  ycl* 
lot  onde  of  lead  gires  yellow.  The  mixtures  thus  obtained  are  6ub« 
mpoitty  laid  on  in  patches,  and  the  excellence  of  the  work  consists  in 
Ae  taste  with  which  they  are  employed  to  imitate  marble.  When  the 
ten  is  perfectly  dry,  polishing  is  begun.  The  surface  is  rubbed  with  a 
i«j  fine  grained  stone,  washing  and  clearing  it  with  a  sponge.  It  is  then 
nUni  with  m  linen  cloth  containing  moistened  Tripoli  powder  and  chalk ; 
tkn  vitk  oil  Mid  Tripoli  powder,  and  lastly  with  oil  alone. 

137.    C%tmaf9k— Madras  "  chunam  "  is  a  very  fine  stucco.     It  is  laid  on 

ii  Ume  eoata :  the  first  a  mixture  of  shell  lime  and  sand,  tempered  with 

jigheiy  water,*  about  half  an  inch  thick ;  the  second  made  of  sifted  shell 

Kowttd  fine  sifted  white  sand  without  jaghery,  as  it  would  color  the  plaster* 

Be  third  coating  which  receives  the  polish  is  prepared  with  great  care ; 

^  belt  and  whitest  shells  being  selected  for  the  lime,  and  mixed  with 

^  one-fourth  to  one-sixth  their  volume  of  the  finest  white  sand.    The 

'V^^Bdients  of  the  second  and  third  coat  are  ground  with  a  roller  on  a 

^'^te  bed  to  a  smooth  uniform  surface  resembling  white  cream.     In 

^teveiy  bushel  of  this  paste  are  mixed  the  whites  of  10  or  12  eggs, 

^^  •  pound  of  "  ghee"  (clarified  butter),  and  a  quart  of  "  dahee"  (soup 

^^'^'^W  milk),  to  which  is  occasionally  added  from  one-fourth  to  one-half 

*  Poond  of  powdered  soap-stone,  which  is  said  to  improve  the  polish* 

^^•e  ingredients  vary,  according  to  the  opinion  of  the  builder ;   the 

^'^Qtitials  in  addition  to  the  lime  and  sand,  seem  to  bo  the  albumen  of 

^^  •ggB  and  the  oily  matter  of  the  ghee,  for  which  oil  is  sometimes  sub- 

•ttttiled.    The  last  coat  is  laid  on  exceedingly  thin,  and  before  the  second 

^ft  diy ;  it  dries  speedOy,  and  is  afterwards  rubbed  with  the  smooth  surface 

^t  m  piece  of  soap-stone,  or  agate,  to  produce  the  polish,  sometimes  for 

*  Water  containing  a  eolation  of  coatse  sngar. 
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many  hours.     Water  continnes  to  exude  from  the  plaster  for  sereral 
days,  which  most  be  wiped  off. 

138.  White-wash, — The  interior  walls  of  Indian  hoases,  as  also  in 
some  cases  the  exterior,  are  generally  white-washed  in  lieu  of  being  painted 
or  papered.  ''  White-wash*'  is  merely  a  thin  solution  of  slaked  lime  with 
some  ingredient,  as  gum,  glue,  or  rice  water,  to  render  it  adhesive  to  the 
walls.  The  white-wash  should  be  of  such  consistence  that  it  will  not 
hnmediately  drop  from  a  brush  dipped  into  it,  and  should  be  mixed  with 
sufficient  size  or  rice  water  to  ensure  its  adhering  to  the  wall  and  npt  be- 
ing rubbed  off  by  any  thing  brought  into  contact  with  it. 

Before  white-washing  an  old  wall,  the  former  coat  of  white-wash  should 
be  scraped  off,  or  else  the  new  coat  will  not  adhere  properly. 

For  100  superficial  feet  of  ordinary  white-wash  are  required  1^  seers 
of  stone  lime  and  *0d  chittacks  gum. 

The  following,  however,  is  a  recipe  for  a  superior  description  of  white- 
wash, which  will  withstand  a  heavy  down  pour  of  rain,  and  is  suitable 
for  exterior  surfaces. 

White  Lime— 40  seers,  slaked  with  hot  water  in  a  covered  vesseL 
8alt — 5  seers,  dissolved  in  hot-water. 

Coarse  Rice — 8  seers,  pounded  and  boiled  to  a  thick  paste.  {Kanjee). 
Qlue — \  seer,  dissolved  in  hot-water  and  the  dirty  refuse  rejected. 

These  ingredients  should  be  mixed,  stirred,  and  diluted  vrith  hot  water, 
till  the  consistency  becomes  that  of  ordinary  white-wash. 

The  mixture  should  then  be  allowed  to  simmer  for  a  few  hours  over  a 
fire ;  it  should  next  be  strained,  and  finally  laid  on  to  the  walls  while  hoU 

N.B, — The  above  amounts  should  suffice  for  2,500  superfical  feet  of 
Wall  surface. 

Another  recipe  for  white-wash  is  given  on  page  215;  and  the  direc- 
tions given,  on  page  214,  for  distemper  apply  equally  for  white- wash. 


CHAPTER    V. 

TIMBER. 

139.    TimheTy  deiired  from  the  Saxon  word  timhrian,  to  bnild,  is  tlM 
Vnn  for  wood  of  a  size  snflBcient  to  be  adapted  to  Bnilding  or  Engineer- 
ing puposes,  and  is  applied  to  no  trees  which  measure  less  than  24  inches 
k  girth.    When  the  wood  forms  part  of  the  liring  tree,  it  is  called  stand* 
h§  Hnher;  when  felled,  it  ib  called  rough  timber ;  after  the  log  has  been 
wm  into  the  varions  forms  required,  it  is  called  converted  timber;  and 
te  pieces  are  known  as  aided  timber^  balk,  thick  stuff,  plank,  or  boards 
^idwt&ig  to  their  shape  and  dimensions. 

140.    Stmetore^— All  timber  trees  proper  are  exogenous,  that  is,  they 

bereue  in  girth  by  addition  to  their  external  surfaces  of  rings  of  joung 

'^^  Films  and  tree-like  grasses,  such  as  bamboos,  are  endogenous ;  so 

®*Oed  becanse,  although  the  stem  grows  partly  by  the  formation  of  layers 

^  oeir  wood  on  its  outer  surface,  the  fibres  of  that  new  wood  nevertheless 

^  cross  and  penetrate  those  preyiously  formed,  as  to  be  mixed  with  them 

^  One  part  of  their  course,  and  internal  to  them  at  another.    The  stems 

^'  Qidogenons  trees,  though  light  and  tough,  are  too  flexible  and  slender 

^  fiunish  materials  suitable  for  important  works  of  carpentry. 

Ihe  shape  of  a  tree  is  usually  eccentric,  the  annual  layers  being  thicker 
^  that  side  which  has  most  air  and  sunshine,  or  towards  which  the  roots 
^Te  grown  with  most  vigour,  owing  to  the  earth  being  softer  or  more 
nutritious  in  that  direction. 

The  innermost  part  of  the  tree  is  called  the  pith,  this  is  immediately  en- 
dosed  by  the  hectrt-wood,  which  is  the  hardest  part  of  the  tree,  and  used 
for  aQ  durable  works  of  carpentry.    The  outer  and  younger  portion  is 
called  sap-wood.     From  the  pith,  thin  partitions  of  cellular  tissue,  called 
ffuduUary  rays,  extend  towards  the  bark;   between  these  are  additional 
medallary  rays  which  stretch  inwards  from  the  bark  in  the  direction  of  the 
pitli;  mrely  however,  penetrating  it.     A  tree  is  in  fact,  composed  of  a 
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vast  number  of  small  cylinders  filicd  with  fluid,  and  connected  by  theii* 
thin  membraneous  coats  which  are  the  only  solid  part  of  the  tree.  These 
cylinders  convey  the  sap  from  the  root  to  the  extremity  of  the  leaves  and 
back  again. 

141.  During  the  spring  the  sap  rises,  chiefly  through  the  annnal  rings 
next  the  bark,  and  forms  leaves.  When  these  have  reached  maturity  it 
ceases  flowing,  and  vegetation  pauses  until  the  autumn.  The  sap  then 
begins  to  descend,  chiefly  through  the  bark,  and  during  its  descent,  the 
leaves  becoming  detached  from  the  twigs  gradually  fall  off.  By  the  time 
that  all  have  fallen,  the  sap  has  stopped  flowing  and  vegetation  agun  ceaaea 
till  the  following  spring.  The  best  time  for  felling  trees,  therefore,  is  when 
they  are  in  a  quiescent  state,  that  is,  at  midsummer  or  midwinter  in  tern* 
perato,  and  during  the  dry  season  in  tropical  climates.  At  these  times  the 
bark  adheres  firmly  to  the  stem ;  during  the  flow  of  sap,  the  accession  of 
moisture  loosens  it,  and  it  is  easily  detached.  It  has  been  the  custom, 
therefore,  to  fell  trees  which  have  valuable  bark  during  the  spring.  Such 
a  practice  is  however  bad,  as  it  decreases  the  durability  and  value  of  the 
timber.  From  experiments  by  Dn  Hamel,  Buffon,  and  others,  it  has  been 
determined  that  if  the  bark  is  valuable,  a  tree  should  be  stripped  when  the 
sap  is  rising,  and  felled  when  the  timber  has  become  dry.  The  heart- wood 
increases  in  hardness  until  the  tree  has  acquired  its  full  growth.  A  croaa 
section  then  made  at  any  part  of  the  trunk,  shows  the  heart- wood  to  be  of 
the  same  weight  throughout.  If  a  tree  is  allowed  however  to  stand  too 
long,  decay  begins,  and  this  invariably  with  the  heart-wood,  which  is  then 
found  to  be  weaker  than  the  outer  rings.  From  the  above  considerationsi 
it  will  be  seen  how  much  importance  attaches  to  the  age  and  season 
at  which  a  tree  is  cut.  Immediately  after  a  timber  is  felled,  it  shoold 
be  squared  by  sawing  off  four  slabs  from  the  log,  in  order  to  give 
the  air  access  to  the  wood  and  hasten  its  drying.  If  the  log  is  required 
to  be  cut  to  a  smaller  scantling,  it  may  be  sawn  into  halves  or  quarters 
at  once. 

142.  Classifioation. — For  purposes  of  carpentry,  wood  may  be 
classified  still  further,  into  firewood  and  hard^wood.  The  first  comprises 
all  coniferous  trees,  the  second  all  other  timber  trees.  The  chief  practical 
bearings  of  this  classification  are  as  follows: — Fir-wood  or  coniferous 
timber  in  the  most  cases  contains  turpentine.  It  is  distinguished  by 
straightness  in  fibre  and  regularity  in  the  figure  of  the  trees ;  qualities  fa-> 
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;o  its  nse  in  carpeniry,  especially  where  long  pieces  are  required 

either  a  direct  pull  or  a  transverse  load,  or  for  purposes  of  plank- 

it  the  same  time  the  lateral  adhesion  ot  the  fibres  is  small,  so  that 

ach  more  easily  sawn  and  split  along  the  grain,  or  torn  asunder 

the  grain,  than  hard-wood,  and  is  tliereforo  less  fitted  to  resist  any 

jf  stress  that  does  not  act  along  the  fibres. 

hard-wood  or  non-coniferous  timber,  there  is  no  turpentine.     The 

It  of  distinctness  with  which  the  stnicture  is  seen,  whether  as  regards 

idlaiy  rays  or  annual  rings,  depends  on  the  degree  of  diiferenoe  of 

ore  of  different  parts  of  the  wood.     Such  difference  tends  to  produce 

Mnul  shrinking  during  drying,  and  consequently,  those  kinds  of  timber 

vkieh  the  medullary  rays  and  annual  rings  are  distinctly  marked,  are 

MiiliiUe  to  warp  than  those  in  which  the  texture  is  more  uniform.     At 

^Hme  time,  the  former  kinds  of  tunber  are  on  the  whole  the  more  flex- 

ikittdin  many  cases  very  tough  and  strong,  which  qualities  make^hem 

fliUUd  for  structures  that  have  to  bear  shocks. 

MS.  There  are  certain  appearances  which  are  characteristic  of  strong 
Mdlmble  timber  to  what  class  so  ever  it  belongs ;  therefore  in  its  choice 
u  ihosld  be  borne  in  mind  that— 

I>  tbe  same  species  of  timber,  that  specimen  will  in  general  be  the 
vtraagoit  and  most  durable,  which  has  grown  the  slowest,  as  shown  by 
^  Mnowness  of  the  annual  rings. 

^  oeUular  tissue  as  seen  in  the  medullary  rays  (when  yisible)  should 
*•  ^^  and  compact. 

-^  TlBcular  or  fibrous  tissues  should  adhere  firmly  together,  and  should 
'^^'^  Woollincss  at  a  freshly  cut  surface,  nor  should  loose  fibres  clog  the 
**•*■  ^  the  saw. 

""^^e  wood  has  color,  darkness  of  color  is  in  general  a  sign  of  strength 
"^*tt*biHty. 

"^  ^^eshly  cut  surface  of  the  wood  should  be  firm  and  shining,  and 
^/^  haye  somewhat  of  a  translucent  appearance;  a  dull  chalky  appear- 
•f  ^  ^  sign  of  bad  timber. 

^<X>d  of  a  giren  species  the  heavier  specimens  are  in  general  the 

V^S^^  and  more  lasting.    Amongst  resinous  woods,  those  which  have 

'^'^^an  in  their  pores ;  and  among  non-resinous,  those  which  have  least 

^  ^  Sum  in  them,  are  in  general  the  strongest  and  most  lasting. 

^^«    Host  timber  trees  are  capable  of  flourishing  in  a  great  variety  of 
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soils.  Hie  best  soils  are  those  which  without  being  too  drj  or  poroitfy 
allow  ihe  water  to  escape  freely,  such  as  gravel  mixed  with  sandy  loam. 
The  most-iDJurioos,  those  which  are  swampy  and  contain  stagnant  water, 
for  they  never  fail  to  make  timber  weak  and  perishable.  As  to  climate, 
the  strongest  timber — such  as  teak,  iron- wood,  ebony,  and  ligmtm 
vitcBj  grow  in  tropical  countries,  surpassing  in  strength  any  prodaced  in 
temperate  climates ;  bat  of  the  same  species  of  tree,  that  which  is 
grown  in  the  colder  climate  is  the  stronger.  As  instances,  the  red  pine 
of  Norway  is  stronger  than  that  of  Scotland,  and  the  English  oak  than 
the  Italian. 

145.  When  timber  is  felled,  Uie  sooner  it  is  removed  from  the  forest 
the  better.  It  should  then  be  placed  in  a  dry  situation,  and  so  that  the 
air  may  circulate  round  it  freely,  but  should  not  be  exposed  to  the  sun  or 
wind.  Squared  timber  does  not  split  so  much  as  round.  It  is  an  advan- 
tageVhen  possible  to  set  the  timber  upright,  with  its  lower  end  a  little 
raised  from  the  ground.  If  this  is  not  possible,  it  should  be  piled  hori- 
sontally  a  little  above  the  ground,  with  a  free  space  for  circulation  of 
air  between  each  piece;  and  when  so  raised,  the  supports  should  not 
be  refuse  wood,  which  infects  the  good  timber,  but  made  of  cast-iron ; 
when  supports  are  not  used,  precautions  should  be  taken  to  prevent  the 
growth  of  vegetation  around  the  logs,  and  the  yard  should  be  carefully 
drained. 

146.  Seasoning,— Timber  is  said  to  be  seasoned,  when  by  some 
process,  either  natural  or  artificial,  the  moisture  contained  in  its  pores  has 
been  expelled  so  far  as  to  prevent  decay  from  internal  causes.  Natural  gea^ 
soning,  which  consists  in  exposing  the  timber  freely  to  the  air  in  a  dry 
place,  sheltered  if  possible  from  sunshine  and  high  winds,  is  the  best  when 
time  can  be  spared,  as  slow  drying  renders  wood  tough  and  elastic.  Wood 
naturally  seasoned,  however,  is  only  fit  for  carpenter's  work  after  two  years^ 
and  for  joiner's  work  after  four  years'  seasoning.  Artificial  methods  have 
therefore  been  adopted,  to  effect  it  more  rapidly.  Water  seasoning,  the 
simplest  of  these,  consists  in  immersing  the  timber  in  water  as  soon  as  cut; 
After  a  fortnight's  soaking  it  is  taken  out  and  dried  in  an  airy  place. 
This  plan,  though  rendering  timber  less  liable  to  warp  and  crack,  un- 
doubtedly weakens  it.  It  should  be  avoided,  therefore,  where  great 
strength  is  required.  If  timber  is  cut  when  full  of  sap  it  benefits  by  this 
method,  as  the  water  remoyes  the  greater  part  of  the  fermentible  matter 
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and  makes  the  wood  less  liable  to  be  worm  eaten.  Care  should  be  taken 
that  timber,  when  put  in  water,  is  entirely  sunk,  as  partial  immersion  is 
most  destructive.  Boiling  timber  is  another  method.  This  in  most  cases 
impairs  the  strength  and  elasticity  of  timber,  but  causes  it  to  shrink  less. 
It  is  useful  when  joiner's  work  has  to  be  executed  in  wood  which  takes 
a  long  time  to  season  naturally.  Timber  should  not  remain  long  in  boil- 
ing water  or  steam ;  four  hours  is  generally  sufficient.  The  drying  after 
it  is  removed  from  the  water  should  take  place  slowly.  Smoking  and 
charring  timber  is  sometimes  resorted  to.  It  can  only  be  done  on  a 
small  scale,  and  if  green  timber  is  charred  and  then  placed  in  the 
earth  or  in  any  unventilated  situation,  decay  is  sure  to  result,  as  the 
natural  juices  which  are  then  confined  to  the  tree,  ferment,  and  produce 
dry-rot. 

147.  Dr.  Paton,  Post  Master  General  of  the  N.  W.  Provinces,  found 
boiling  babool  an  excellent  method  of  seasoning  that  wood.  Besides  sea- 
soning it  quickly,  it  gave  it  extra  strength ;  wood  thus  prepared  being  found 
to  suffer  less,  from  an  equal  degree  of  wear  and  tear,  than  the  same  wood 
seasoned  in  the  ordinary  manner.  Dr.  Paton  accounts  for  the  good  effect 
of  boiling,  by  the  fact  that  when  boiled,  the  woody  fibre  is  deprived  of  sap, 
and  is  saturated  with  the  tannin  which  abounds  in  the  bark  of  the  babool 
tree.  Green  wood  answers  best  for  boiling,  as  it  parts  with  its  juices 
easily,  and  is  easily  impregnated  with  tannin.  The  bark  should  be  fresh, 
and  boiled  along  with  the  wood.  After  boiling,  the  wood  should  be 
placed  for  some  days  under  cover,  and  free  from  a  chance  current  of 
air.  The  rainy  and  cold  seasons  are  the  most  favorable  for  the  process. 
The  average  time  required  is  four  months;  while  the  natural  atmospheric 
process  takes  five  years.  Wheels  made  of  wood  thus  prepared  last  four 
or  five  years. 

148.  The  best  method  of  artificial  seasoning  known,  is  Davison's  De- 
siccating  Process,  which  consists  in  exposing  the  timber  in  a  chamber  or 
oven  to  a  current  of  hot  air.  This  is  impelled  by  a  fan  at  the  rate  of  100 
feet  a  second ;  the  fan,  air  passages,  ahd  room,  being  so  proportioned  that 
one-third  of  the  volume  of  the  chambers  is  blown  through  it  per  minute. 
The  moisture  passes  away  by  an  opening  in  the  roof.  Samples  of  wood 
are  weighed  from  time  to  time  until  it  is  found  that  the  required  propor- 
tion of  weight  has  been  lost.  The  best  temperature  of  hot  air  varies  with 
the  kind  and  dimensions  of  the  timber.     Thus,  for — 
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Hard-woods,  in  general,  in  logs  or  large  pieces, ••    90*  to  IW 

Fir-woods,  in  thick  pieces,     120** 

„         in  thin  boards,      •••    180°  to  200^ 

The  time  for  drying  varies  with  the,  ihicknesSi  thus — 

Thickness  in  inches,    ...    •• 1,2,8,4,6,8L 

Required  time,  in  weeks,    • «.  1,2,3,4,7,  lOl 

These  periods  are  fixed  on  the  supposition  that  seaaoniDg  takes  pli 
during  twelve  hours  only  of  the  twenty-fonr. 

149.    Timber  lasts  best  when  kept  dry  and  in  a  well  ventilated  pIieM?* 
Wet  timber  is  softened  and  weakened  but  does  not  necessarily  decsyv 
and  some  timbers  which  are  comparatively  useless  in  the  air  are  ezoeei'— ' 
ingly  durable  under  water.     The  cotton  tree  is  a  remarkable  instiBO^ 
of  this.     Alternate  wetness  and  dryness,  especially  when  accompanied  bfT' 
heat,  soon  destroys  timber.     For  such  situations^  wood  should  be  cire— > 
fully  selected  and  great  precautions  taken  for  its  preservation.    SlakeA- 
lime  is  a  great  destroyer  of  timber,  which  should,  therefore,  in  boild-^ 
ings,  be  carefully  protected  from  its  contact.     Teak   and  sil  are  th^- 
most  durable  Indian  timbers  and  require  little  artificial  means  for  their 
preservation. 

Timber  has  to  be  preserved  from  moisture,  from  internal  deeay  (the 
dry-rot)  and  from  the  attacks  of  insects  ;  and  in  India  where  the  white-ut 
abounds,  this  last  is  the  most  serious  consideration.  Oil  paint  preserret 
timber  from  the  first,  and  the  method  of  saturation  by  Kyan,  Bamett, 
Payne  and  Bethell,  from  the  second :  Margary^s  and  Bethell's  processes, 
however,  alone  seem  successful  against  the  third.  Kyan  used  corrosive 
sublimate  (bi-chlorideof  mercury),  a  very  expensive  salt ;  Burnett,  chloride 
of  zinc;  and  Payne,  first  a  metallic  solution,  and  then  a  decomposing 
fiuid,  the  capillary  tubes  being  thus  filled  with  an  insoluble  substance. 
Margary  injects  sulphate  of  copper,  which  being  cheaper  than  mercury, 
can  be  used  in  a  stronger  solution.  It  is  considered  doubtful,  however,  af 
a  preservative  from  dry-rot.  Mr.  Bethell's  saturation  of  timber  witii 
creosote,  a  kind  of  pitch  oil,  is  an  effectual  perservative  in  every  way.  It 
is  effected  by  first  exhausting  the  air  and  moisture  from  the  capillary 
tubes,  in  an  air-tight  vessel,  and  then  forcing  in  the  oil  at  a  pressure  of 
150  lbs.  on  the  square  inch,  which  is  kept  up  for  some  days.  Timber 
absorbs  from  one-ninth  to  one-twelfth  of  its  weight  of  this  oil. 

150.     Major  Sankcy,  R.E.,  applied  Margary's  process  to  a  variety  of 


TIHBKR.  171 

woods ;  the  reBQlts  of  the  experimente  are  appended  in  a  tabular  etatement 
further  on. 

The  accompuiying  Ggnre  ebowe  the  apparatne  for  steeping  the  wood. 

A  and  B  are  teak  wood  troughs,  hollowed  from  the  solid  tree ;  no  metal 
joinings,  therefore,  interfere  with  the  action  of  the  solution. 

A  is  the  mixing,  B  the  steeping,  trongh.  It  will  be^seen  that  16  pieces 
are  steeped  each  time. 


aa,  pings  and  ping  holes  to  each. 

SS,  steps  for  the  ends  of  the  bottom  timbers  to  rest  upon,  while  the 
small  laths  placed  between  each  row  permit  the  solation  to  circulate 
freely  ronnd  the  pieces. 

All  the  specimens  on  arrangement  are  fastened  down  and  kept  in  th^ 
proper  positions  by  two  pieces  of  twine  passing  throagh  holee  in  the  steps. 

In  the  figure,  the  unshaded  part  represents  the  snlphats  of  copper 
(neela-tuli/a). 

Having  mixed,  in  A,  the  quantity  of  solution  reqnired,  (the  proportion 
being  1  lb.  of  sulphate  of  copper  to  i  gallons  of  water,  aa  recommended,) 
and  secured  the  specimens  in  B,  the  plug  a  was  withdrawn,  and  B  Glled  as 
high  aa  necessary.  A  small  portion  of  solution  was  always  reserved  in  A, 
to  make  up  for  the  evaporatjon  of  B,  which  was  thus  kept  filled  to  the 
proper  height.  According  to  the  instructions,  four  days  was  the  time  the 
epecimens  shonld  hare  remained  in  the  solntion  (two  days  for  each  inch  of 
thickness,  but  they  were  left  five  and  a  half  and  six  days  to  prevent  any 
mistake)  ;  when  removed,  the  pieces  were  placed  under  cover  to  dry,  and 
remuned  thns  twenty  days.  The  specimens  tiiUB  prepared  were  buried  in 
an  ant-  hill  for  several  months ,  and  the  results  of  the  trial  are  recorded  ki 
the  following  table. 
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Major  BuJcey  remarks  :— 

'*  From  llie  last  colmnD  of  the  statement  it  ironld  appear  that  the  thne  Ij 
teak,  eyne  and  aijoon  alone,  of  all  those  tested,  in  a  natural  state  resist  the 
of  insects.  This  is  to  a  certain  extent  enoeeoiu,  for  on  paiticolar  examini 
respect  to  two  or  three  timbers  (as  beja  ear  and  seeamn)  having  white  wood, 
that  this  onl;  is  attacked,  white  the  dsriier  wood  of  the  heart  is  left  muusai 
the  heart  wood  of  biga  sar  (that  portion  always  used)  particnlarl;,  there  ie  a  ■ 
of  [cd  colored  juice  which  exudes  at  erecy  shower,  and  which  is  pccoliarlj  oh 
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o  imeeks.   The  heart  wood  of  seesom  in  like  manner  retains  an  essential  oil  equally 
ftirtutcful  to  them. 

*  Pnmjerah,  luum,  dhareah,  and  bhadah,  were  attacked  with  great  avidity,  and  one 
or  tvoof  the  nnsoaked  specimens  of  these  woods  perished  in  toto, 
"The  two  pieces  of  seesmn  which  were  attacked,  I  hare  wrongly  placed  mider  the 

hnd  of  *ttit-eaten.'    They  were  fonnd  on  examination  to  be  bored  by  a  small  beetle 

ttroigli  the  white  wood. 

"Ho  specimen  of  dhamin  was  sobject  to  the  common  insects  ;  common  report,  how- 
Cfff,  mikes  it  readily  assailed  by  white  ants. 

"Hemp,  rope,  cloth,  and  some  pieces  of  bamboo,  which  were  steeped  at  the  same 
time  lith  the  other  specimens,  were  not  attacked  by  white-ants. 

"After  remoring  from  the  ant-hill,  washing  and  drying  the  specimens  for  the  last 
tine,  I  WIS  mnch  stmck  with  the  manner  in  which  the  atmosphere  had  acted  on  them 
Kfendlj ;  all  those  which  had  not  been  steeped,  were  weathered  of  the  peculiar  hlue- 
ilbgnj  color,  so  well  known  with  unpainted  timber  after  long  exposure  ;  while,  on 
tlieeQDtniy,  the  steeped  specimens  appeared  nearly  as  bright  and  fresh  as  the  day 
%wen  pkced  in  the  ant-hiU." 

16L    Measnrement. — Timber  is  bought  and  sold  by  the  cubic  foot. 

li  the  log  varies  much  in  size  in  different  parts,  the  length,  breadth,  and 

^9&  of  these  parts  must  be  taken.     If  it  tapers,  a  mean  breadth  or 

^tt  must  be  taken.     In  measuring  rough  logs,  however,  it  is  usual  to 

^  the  log  at  the  measuring  place,  fold  the  girding  string  in  four,  and 

^ttome  this  fourth  part  as  the  side  of  a  square  at  the  measuring  place. 

Ae  area  of  this,  multiplied  by  the  length,  gives  the  contents.     Tables 

foreroy  foot  in  length  and  quarter  of  an  inch  inside  have  been  published, 

^  &cilitate  the  calculation.     As  less  than  24  inches  is  not  considered 

'^^r,  in  measuring  standing  timber,  its  height  is  the  height  at  which 

^  gbth  of  the  tree  is  24  inches  ;  the  girth  at  half  this  height  is  taken  as 

^mean.    It  is  usual  to  speak  of  timber  by  the  load,  which  in  squared 

^het  is  50,  and  in  rough  40^  cubic  feet. 

152.  TTiHiflTi  Timber  Trees. — The  following  lists  contain  the  names 

^i  ttiemost  important  trees  in  India,  deserving  the  attention  of  the  Engin- 

^,  either  as  furnishing  timber  to  the  carpenter  and  builder,  wood  for  or- 

i^uneaital  turnery,  fuel  for  brick  burning,  sleepers  for  railways,  or  material 

ior  other  purposes  connected  with  Engineering  works.     A  work  of  this 

deecription  is  of  course  no  place  for  complete  lists  of  all  forest  and  other 

tnes,  and  for  botanical  descriptions :  which  could  not  bo  given  within 

the  limits  of  a  few  pages,  or  even  of  a  single  volume. 


174  TIMBER. 

For  faller  details  on  such  subjects,  works  specially  devoted  to  Botio}^ 
Forestry,  &c.,  must  be  consulted :  and  Balfour's  *^  Timber  Trees  of  Indui; 
Cleghom's  ^<  Forests  and  Gardens  of  South  India ;"  Skinner's  "  Inditn  tad 
Burmah  Timbers,^  may  be  advantageously  referred  to  by  those  ioter- 
ested  in  Indian  Trees. 

But  a  brief  list  of  the  most  important  Indian  trees,  with  co-effidentso'^ 
weight,  elasticity,  &c.,  will  be  useful  to  every  Engineer  in  the  eowkf^ 
and  may  appropriately  be  embodied  for  reference  in  this  work. 

It  will  be  observed  that  the  first  list  contains  the  Botanical  nime0 
which  only  are  of  real  valae,  and  precise  application.    Local  names  tre 
general  very  vague,  and  not  to  be  depended  upon :  nor  are  they  of 
use  beyond  the  limits  of  restricted  areas.     The  same  tree  will  be  knoi 
by  many  different  names  over  a  tract  of  a  few  hundred  square  miles, 
it  would  tax  the  best  memory  to  retain  all  the  Indian  local  names  of  oal^ 
one  or  two  trees,  and  correctly  apply  them  to  their  own  proper  localitic 
Again,  one  local  name  may  in  one  district  refer  to  one  tree,  and  in 
other  district  to  a  perfectly  distinct  plant.     Thus  the  well-known 
^'  Deodar ''  is  applied  in  Cashmere,  Huzara,  Gurhwal  and  Kumaon  to 
Cedms  Deodara :  in  closely  adjacent  districts,  (Eoolloo  and  Kunawar,) 
Cupressus  torulosa ;  and  in  another  neighbouring  tract  (Chumba),  to  /« 
perua  Exceha,     The  Botanical  name  on  the  contrary  has  a  precise  appl 
cation  to  one  species  of  plant  alone,  and  this  not  only  in  one  country,  b' 
among  all  lands  enjoying  European  civilization.     Local  names,  howeT^ 
are  of  course  useful,  and  should  be  acquired  by  an  Engineer  in  any  distri- 
in  which  he  may  be  employed.     A  list  of  a  few  such  names  follows  the 
'^  Botanical "  list :  but  it  must  be  remembered,  that  in  many  cases 
identification  of  local  names  is  very  uncertain.     English  names  are  ii 
eluded  in  the  '^  local "  list ;  although  few  (so  called)  "  English  "  names 
Indian  trees  exist :  and  in  their  case  also  there  is  great  want  of  precisioi 
For  example  "  Poon  "  and  "  Ebony  "  are  terms  loosely  applied  to  a 
number  of  trees  of  many  different  "  species,"  and  even  "orders,"  and 
names  serving  any  useful  purpose   of   precise  identification  are  reall;^  ' 
valueless. 

The  numbers  denoting  weight,  cobesive  strength,  &c,  have  been 
the  most  part  taken  from  the  late  Conductor  Skinner^s  useful  work 
'^  Indian  and  Burman  Timbers."     The  precise  meaning  of  each  separa^— ^ 
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expression  in  these  formnlffi  should  be  carefully  realized,  before  using  th« 
fonnula.* 

W  denotes  the  weight  in  lbs,  of  a  cubic  foot  of  seasoned  wood. 

Ed  is  the  co-efficient  of  elasticity  as  involved  in  Barlow's  formula, 

where  Ej  is  a  constant  for  each  kind  of  wood,  derived  from  experiment,  and 
recorded  in  tables :  L  length  in  feet,  b  breadth  and  d  depth  both  in  inches^ 
of  a  beam  supported  at  the  ends,  and  carrying  at  centre  a  weight  W,  in  lbs. 
I  being  the  deflection  at  the  centre  in  inches  {say  for  timber  .  -  of  the 
clear  bearing.) 

fx  is  the  constant  for  each  wood,  denoting  the  direct  cohesion  in  lbs.  per 
square  inch,  and  applicable  to  the  formula, 

P=  A/t 
where   P  is  the  weight  in  Ibs.y  which  would   tear*  asunder  a  piece  of 
timber  whose  transverse  section  has  an  area  of  A  square  inches, 

p  is  the  constant  of  strength  in  lbs,  for  timbers  subjected  to  cross 

strain  ;  and  is  applicable  to  the  formnla, 

T>       bd' 

Where  P  is  the  weight  in  lbs,  at  the  centrey  which  would  break  a 
scantling  supported  at  tlie  ends  having  a  clear  bearing  in  feet  =s  L,  and  a 
breadth  =  b,  and  depth  =:  d  both  in  inches. 

These  equations  are  constantly  in  use,  as  explained  in  the  section  on 
"  Strength  of  Materials"  in  this  Treatise,  and  the  numbers  given  will  be 
found  useful  for  reference.  Where  more  than  one  number  is  given  for 
the  same  co-efficient,  it  will  be  understood  that  these  are  the  results  of 
different  sets  of  experiments,  carried  out  at  different  times  and  places,  bj 
different  persons.  In  fact  the  same  species  of  tree  will  furnish  timber  of 
very  different  quality,  in  different  regions,  and  even  in  different  parts  of 
the  same  region :  a  fact  which  explains  the  extraordinary  diversity  in  the 
statements  and  opinions  recorded  by  different  competent  and  reliable  ob- 

•  In  nsiiig  this  value  of  Ed*  it  should  be  borne  in  mind,  that  the  E  (s  Uodnlas  of  Elaatici^) 
Bankine's  and  Stoney's  tables,  (which  co-incides  also  with  P  of  Molesworth's  elasticity  tables)  is  43t 
Bd  of  this  formula ;  while  Barlow  uses  two  separate  yalaes  of  B  (Elasticity)  ;  in  his  first  tables  the 
B= 1728  Ed,  and  in  the  second  tables,  his  B  =  M  Ed. 

The  niodnlns  of  mptnre  (/)  of  Rankine's  tables  is  =  \Bp.  of  these  tables :  while  in  Molesworth'a 
tables,  the  co-efBcient  of  transverse  strength  is  8p. 

With  these  corrections,  the  values  given  in  the  tables  alluded  to  can  be  used  in  these  f onmike 
and  oompuisons  instituted  between  the  values  of  the  English  and  other  woods  entered  in  those 
tables,  and  the  values  for  Indian  woods  herein  given. 


176  TtMItER. 

servers:  one  authority  describing  a  tree  as  lofty  and  famishing  laigB 
scantlings  of  fine  timber :  another  alluding  to  it  as  a  small  tree  supplying 
no  timber  of  any  size  or  use.  So  well  known  and  valuable  a  tree  as  tiha 
Deodar  will  furnish  an  imperishable  timber  of  immense  scantling,  if  groum  : 
on  some  bleak  northern  granite  slope  of  the  inner  Himalaya ;  while  a 
comparatively  soft  and  inferior  wood  is  produced  by  the  rapidly  gromi  ] 
trees  of  moister  forests  on  the  lower  slopes  nearer  the  plains.  It  is  ad- 
visable, therefore,  for  the  Engineer  to  ascertain  for  himself  the  quality  of 
each  description  of  timber  in  the  actual  locality  in  which  he  himself  ia 
employed :  to  make  experiments  to  determine  its  strength,  &c.y  and  be 
careful  to  utilize  each  sort  properly :  not  to  waste  on  some  temporary 
structure  a  timber  which  may  be  a  source  of  great  value  for  some  special 
purpose,  while  perhaps  an  inferior  wood  of  no  durability  is  being  intro- 
duced in  some  important  permanent  building.  As  an  example  of  this. 
Dr.  Gleghom  relates  how  a  small  bridge,  the  total  estimate  of  which  waa 
Rs.  250,  was  constructed  of  Poon  spars,  which  while  unsuited  for  tiiis 
purpose,  would  have  realized  a  very  large  sum  for  the  Dockyards,  where 
this  timber  is  invaluable. 

Avenues,  It  must  be  remembered  that  the  Engineer  is  required  not  only 
to  know  the  trees  available  in  his  district  for  providing  timber,  &c.,  for  the 
purposes  above  indicated,  but  he  may  also  have  to  plant  avenuea  along  roada 
and  canals,  and  should  acquaint  himself  with  the  trees  best  suited  for  snch 
purposes,  having  regard  to  the  nature  of  the  soil,  the  amount  of  humiditji 
&c.  In  Northern  India  the  best  avenue  trees,  having  green  shady  foliage 
almost  throughout  the  year  are,  Nos.  4, 7, 18, 43,  54,  85, 86,  116  and  11 7| 
of  the  following  list ;  where  the  usual  rain-fall  is  25  inches,  these  trees 
will  thrive  with  the  aid  of  rain  only,  after  having  been  raised  in  nurseries 
and  transplanted  at  the  commencement  of  the  summer  rains  to  their  posi- 
tions at  the  road  side,  (where  a  "  thala  "  should  be  prepared  for  each  tree). 
Where,  however,  the  rain-fall  averages  only  20  inches,  it  would  be  difficult 
to  grow  avenues  of  such  trees  without  artificial  irrigation,  but  the  "  kee- 
kar  "  might  be  successfully  raised  from  seed  sown  in  trenches  where  the 
trees  are  meant  to  remain. 

In  general,  avenue  trees  should  be  raised  in  small  nurseries,  where  the 
ground  should  be  broken  up  to  15  or  18  inches  in  depth,  and  improred 
with  leaf  manure ;  the  nursery  being  furnished  with  a  well,  if  canal  irriga- 
tion is  not  available. 
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LIST  OF  THE  PRINCIPAL  TREES  OP  INDIA. 

N.B. — Trees  marked  *  grow  within  50  miles  of  Roorkee,  N,  W,  P.,  either  indigenous  or  introduced. 


No.  I    w    I    Ed    I     J\     I    p     I 


Abies  Smithiana. 
(^CoH'\fera.) 


♦Acacia  Arabica. 
{Leguminosce.) 


54 


418G  I  1C815  I  884    | 
4111  I  I  87G    I 


♦Acacia  Catechu. 


50  to 

00 


4  ♦Acacia  Elata. 

I    39    I  2926  I  9518    |  695 

5  Acacia  Leucophljea 

I      55  I  4086  I  16288  |  861 

6  ♦Acacia  Modksta. 


♦Acacia  Speciosa. 


55  I  3502 
3532 


793 
532 


8      ♦Acacia  Stipulata. 
I      50  I  4474  I  21416  |  823 


9  Adknanthera  Pavonika 
{Ltguminoitct.) 

56  I  3103  I  17846  I  863 
bo\  1060 
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10    AlLANTHUS  EXCELBA. 
( i^'waru  ^a  era') 


A  lofty  spruce  fir  of  the  N.  W.  Himalaya,  dark  and  sombre,  vet 
graceful  with  its  symmetrical  form  and  pendnloos  habit  It  znr- 
nishes  a  white  wood,  easily  split  into  planks  ;  but  not  esteemed  as 
either  strong  or  durable.  It  is  used  as  <  shingle'  for  roof  coYer- 
ings. 

This  well  known,  yellow  flowered, "  babool"  tree,  is  widely  dis- 
tributed. It  grows  rapidly,  requiring  no  water,  and  thriving  on 
poor  soil,  dry  arid  plains,  black  cotton  soil,  &c.  It  seldom  attains 
a  height  of  40  feet,  or  4  feet  in  girth .  its  wood  is  close-grained  and 
tough  ;  of  a  pale  red  color  inclining  to  brown.  It  can  never  be 
had  of  large  size,  and  is  generally  crooked.  Used  for  spokes,  naves, 
and  felloes  of  wheels,  ploughshares,  tent  pegs. 

A  widely  distributed  tree,  with  a  heavy,  close-grained,  and  brown- 

.  ish  red  wood,  of  great  strength  and  durability  :  employed  for  poAta 

and  uprights  of  houses,  spear  and  sword  handles,  ploneha,  pins 

*  and  treenails  of  cart-wheels.    But  the  tree  is  rarely  avimable  for 

timber,  being  used  for  the  extraction  of  catechu, 

A  handsome  lofty  tree,  suitable  for  avenues,  and  fnmishing 
I  logs  20  to  80  feet  long,  and  from  5  to  6  feet  in  eirth.  Wood  rta. 
'  hard,  strong,  and  very  dnrable.  Used  in  posts  for  boildings,  and 
in  cabinet  work. 

This  very  thorny,  white  barked  **  keeknr*'  is  found  in  most  parts 
I  of  India,  and  its  timber  in  characteristics  much  resembles  that  of 
I  A.  Arabioa,  and  is  used  for  the  same  purposes. 

The  Phxilahi  is  a  common,  small,  and  characteristic  tree  of 
many  parts  of  the  Punjab,  (as  the  Jnllnndur  and  Hoshvarpore 
districts.)  It  is  well  worthy  of  cultivation  for  timber  in  dry  san- 
dy tracts  of  countrv,  and  furnishes  very  hard  and  tongh  tmiber, 
fitted  for  making  mills,  &c. 

The  '  sirris'  is  a  common  tree  throughout  India,  and  with  its 
rapid  growth,  its  large  head  of  handsome  foliage  and  sweet  scented 
flowers,  is  a  good  avenue  tree.  It  grows  to  40  or  50  feet  in  height 
and  5  to  6  feet  in  girth  :  the  wood  is  said  by  some  writers  to  be 
hard,  strong,  and  dnrable,  never  warping  or  cracking,  and  to  be 
used  by  the  natives  of  South  India  for  naves  of  wheels,  pestles  and 
mortars,  and  for  many  other  purposes  :  but  in  Northern  India  it 
is  held  to  be  brittle,  and  fit  only  for  such  purposes  as  box  planks  ; 
and  for  firewood. 

This  unarmed,  pink-flowered  acacia,  one  of  the  largjest  of  the 
genus,  is  found  from  Dehra  Dhoon  to  Travancore,  and  in  Assam 
and  Bnrmah.  It  furnishes  large,  strong,  compact,  stiff,  fibrons, 
coarse-grained,  reddish-brown  timber,  w91  suited  for  wheel  naveSy 
furniture,  and  house  building. 

A  large  and  handsome  tree  found  in  most  of  the  forests  of  In- 
dia and  Burmah  :  though  the  timber  does  not  enter  the  market 
in  laru;e  quantities.  The  wood  is  strong,  but  not  stiff :  hard  and 
durable,  tolerably  close  and  even-drained,  and  stands  a  good  polish. 
When  fresh  cut  it  is  of  beautiful  red  coral  color,  with  a  frag- 
rance somewhat  resembling  '*  sandal"  wood  :  after  exposure  it  be- 
comes purple,  like  rose  wood.  It  is  used  sometimes  as  sandtl 
wood  :  and  is  adapted  for  cabinet  making  purposes. 

This  tree  grows  in  Southern  India,  and  is  found  also  in 
Ou(ih,  and  other  parts  uf  Northern  India,  apparently  as  an  in- 
tniduced  tree.  It  is  a  remarkably  rapidly  growing  tree  and  oun- 
be^ueuU^',  though  us  ef ul  for  avenooSi  &c.,  where  shade  giving 

2    A 
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Albizzia  Elata. 
(^Lfguminosa.) 

*ir  \    i    I 

Albizzia  Stipulata. 
66 1         I 

Albizzia  *j>. 
46  I  1123  I  19263  |    855 


I  1 


I 


trees  are  required  to  grow  qnickly,  it  does  not  famish  timber  of 
any  value.  The  wood  is  white,  light  and  not  durable ;  and  ii 
used  for  scabbards,  &c. 

Abundant   on    the  banks    of  rivers  in  the  Barmese  ^laini. 

It  is  nsed  by  the  Barmese  for  bridges  and  house  posts :  it  hat 

I  a  laree  porportion  of  sap  wood,  but  the  heart  wood  is  hard  and 

durable :  and  in  Dr.  Brandis*  opinion,  the  wood  maj  eventnallj 

'  become  a  valuable  article  of  trade. 

Grows  in  forests  on  elevated  ground  in  Burmah  ;  it  has  beantl- 
full)'  streaked  brown  heartwo<Kl,  which  is  much  prixed  for  cart 
wheels  aud  bells  for  cattle. 

'*  Kokoh  "  is  the  Burmese  name  for  an  Albizzia,  the  wood  of 
which  is  very  much  valued  by  the  natives  for  cart  wheels,  oil 
presses  and  canoes.  It  is  a  lofty  tree,  often  having  60  feet  of 
trunk  before  the  first  branch  is  thrown  of. 

This  large,  handsome,  shady  tree  grows  in  Burmah  and  Soath 

cast  Imlia.    It  yields  the  *anjcly*  wood  of  commerce,  cspecial- 

40  I  S905  I  15070  I    "44  I  ^^  esteemed  as  a  timber  bearing  submersion  in  water.     It  is  dora- 

'  I  I    '       I  ijie,  and  is  much  sought  after  for  dock-yards  as  second  only  to  teak 

for  ship-building:  it  is  also  used  for  hoasc  building. canoes,  &c  ' 
IB  ^Abtocabpus  Inteorifolia.     The  common  'jack  fruit'  tree,  is  of  rapid  growth,  and  reaches 
I      xi  I  Annn  .  i  RAoa  i    7fift  i  ^  ^'®^  large  size.     It  is  found  all  over  India,  and  is  esteemed  both 
I      44  I  WW  I  ibi-tfu  I    /»»  I  ^^j.  .^  ^j.^j.  ^^  timber,  and  with  its  abundant  dark  foliage  and 

nnmerons  pendent  fmit  is  a  handsome  object  The  wood  when 
dr^  is  brittle,  and  has  a  coarse  and  crooked  grain.  It  is  howeTer, 
suitable  for  some  kinds  of  house  carpentry  and  joinery  ;  taUee. 
musical  instraments,  cabinet  and  marqaetr^  work,  &c.  The  wood 
when  first  cut  is  yellow,  afterwards  changing  to  varioas  shades  of 
brown. 
16    ^ABTOcAJiPua  Lacoocha. 


14  Abtocabpus  Uirsuta. 
{Artocarpaci'ce.) 

I 


I      *0|  I 


I 


17  Abtocabpus  Mollis. 
I     »0|  I  I 

18  *Azadarachta  Indica. 

I      50  I  3183  I  17450  |    720 
2672  75L' 


I 


The '  monkey  jack'  with  its  orange  colored  fmit  is  found  nsnally 
I  as  a  cultivated  plant  near  houses  in  India  and  Burmah.    The 
'  wood  is  used  in  the  latter  country  for  canoes :  the  fruit  is  eaten, 
and  a  j^ellow  dye  is  obtained  from  the  root. 

An  immense  tree  on  the  hills  of  British  Bnrmah,  having  an 
average  length  of  trunk  to  the  first  branch,  of  80  feet,  and  girth 
of  12  feet,  6  feet  above  ground.  The  timber  is  used  for  canoes 
and  cart  wheels. 

The  beautiful  and  well-known  *  neem"  tree,  is  common  through- 
out India  aud  Burmah,  and  is  much  esteemed  for  ornament  and 
shade.  It  grows  in  the  stoniest  soil.  The  wood  is  hard,  fibrous, 
and  durable,  except  from  attacks  of  insects  :  is  of  a  reddish 
brown  color  :  and  is  used  by  the  natives  for  agricultural  and 
building  purposes.  It  is  difficult  to  work,  but  is  worthy  of  at- 
tention for  ornamental  woodwork.  Long  beams  are  seldom  ob- 
tainable ;  but  the  short  thick  planks  are  in  much  request  for  doors 
aud  door  frames  of  native  houses,  on  account  oi  the  fragrant 
oddhr  of  the  wood. 

There  are  many  distinct  species  of  bamboo,  all  of  which  are  ap- 
plied to  numerous  useful  purposes  :  bridge  building,  scaffolding, 
ladders,  water  pipes,  rafts,  roofing,  chairs,  beds,  &c.  They  are  S 
all  sizes  up  to  60  feet  in  length,  and  8  inches  diameter.  The  bamboo 
is  the  most  generally  useful  of  all  the  vegetable  prodncts  of  India, 
and  experiments  seem  to  show  that  it  is  stronger  than  any  other 
Indian  wood.  It  is  Endogenous^  being  in  reality  a  gigantic  grass. 
A  large  tree  common  to  India  generally  and  Burmah  :  80  feet 
high  ;  4  feet  in  girth  ;  flowers  red.  The  wood  of  a  beautifully 
red  color,  tough  and  strong,  with  a  fine  grain  and  susceptible  of 
good  polish.  It  is  used  in  making  carts,  and  is  in  great  reqncst 
»  by  cabinet  makers. 

21  Babbikotokia  Racemosa.      This  tree  is  a  native  of  Sonthem  India,  the  Moluccas,  &c : 
I     56  I  8846  I  17706  |    819  |  and  when  in  blossom  is  showy  with  its  large  rose-colored  flowers. 


19 


^Bambusa. 
{Graminacew.) 

(PUdns)  I  2801  I 
(HiUs)  I  5735  | 


r,8C 

1)70 


20  Babbinotokia  acutan- 

OULA. 

{Myrtacea.) 
I      56  I  4006  I  10560  |    863 
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The  wood  is  lighter  colored,  and  close-grained,  but  of  less 
strength  thuu  tliat  of  the  Inst  named  species.  It  is  used  for  house- 
building, and  cart  framing,  and  has  been  employed  for  railway 
sleepers. 

The  "  Mahwuh'*  a  well  known  Indian  tree  is  in  most  districts 
preserved  for  its  large  fleshy  flowers  which  are  eaten  and  used  in 
distilling  arrack.   The  wood  is,  however,  sometimes  used  for  doors 
60  I  u420  I  20070  |    700  |  and  windows  and  furniture  :  but  it  is  said  to  be  eagerly  devoured 

by  white  ants. 
*A  common  tree  in  Southern  and  Central  India,  esteemed  for 


22 


♦BASSIA  L ATI  folia. 
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23 
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24  ♦Bauhinia  Variegata. 

{  Legit  fniftosre.) 

25  ♦Bauhinia  Vahlii. 


26  Berry  a  Ammonilla. 
(Tiiiaeea.) 

I      50  I  3830  I  2G704  \    784  | 


Bass  I A  Longi  folia. 

CO  I  31  "4  I  l"(ro  I    "'^O  I  ^^  <?<^i^^c  flower  and  fruit,  and  the  oil  extracted  from  its  seeds. 

'  I    *^  '  M     '  '*    I  for  these  reasons  it  is  not  commonh  considered  a  timber  tree, 

though  in  Malabar  where  it  attains  a  large  size,  it  is  used  for 
fcipars,  and  is  considered  nearly  equal  to  teak  though  smaller. 

This  and  other  species  of  the  genus  are  valuable,  not  for  their 
timber,  but  as  ornamental  trees  for  avenues,  &c.,  having  beautiful 
conspicuous  flowers  :  the  centre  wood  is  hard  and  dark  like  ebony, 
but  seldom  large  enough  for  building  purposes. 

Some  species  of  Bauhinia  are  scandent  plants  :  and  among  the 
largest  of  these  is  the  *'  Elephant  Creeper  "  (a  name  applied  also 
to  Atgyreia  ner»;o.^fl)  which  destroys  hundreds  of  valuable  timber 
trees  in  the  S6l  Forests  of  Northern  India,  where  one  of  the  most 
arduous  duties  of  the  forest  department  is  the  eradication  of  these 
gigantic  creepers  whose  cable  like  stems  form  festoons  from  tree 
to  tree. 

*  Trincomallie  *  wood  is  indigenous  to  Ceylon  whence  large 
quantities  are  annually  imported  into  India  ;  but  the  tree  has  also 
been  introduced  into  ^outh  India.  It  is  the  most  valuable  wood 
in  Ceylon  for  naval  purposes  :  and  furnishes  the  material  of  the 
Madras  i\Tasoola  Boats :  it  is  considered  the  best  wood  for  capstan 
bars,  cross  trees,  and  flshes  for  masts.  It  is  light,  strong  and  flexi- 
ble, and  takes  the  place  of  Ash  in  Southern  India  for  shafts, 
helves,  &c. 

This  is  the  best  known  of  the  Himalayan  birches,  and  is  valna- 
bio  for  its  abundant  loose  bark  nsed  as  paper,  and  for  lining 
baskets,  hookah  tubes,  &e.  :  also  as  a  layer  over  the  planking 
for  roofs  to  receive  the  tiles  or  terrace  in  the  native  booses  in 
Tibet,  &c. 

This  tree  with  its  large  fragrant,  brownish  orange  colored 
flowers,  is  .'onsidered  sacred  by  the  Hindoos,  and  is  consequent^ 
ly  not  largely  available  as  timber.  The  wood  is  highly  col- 
ored, orange  yellow,  hard  and  durable :  a  good  fancy  wood  and 
suitable  for  house  building.  It  is  found  in  Southern  India  and 
Assam. 

A  flowering  tree  of  the  Tenasserim  forests  which  furnishes  logs 
18  feet  in  lenjrth,  and  4  feet  in  girth,  with  strong,  fibrous  elastic 
timber,  resembling  Tenk,  used  inhouse  building,  and  for  bows  and 
spear  handles.  This  is  one  of  the  strongest,  densest,  and  most 
valuable  of  the  Burman  woods. 
30  *BoMBAX  ITeptaphyllum.  The  large  and  stately  Red  "  Cotton"  tree  is  widely  distributed 
-rij-_  i  V  throughout  India  and  Burmah.     Its  light  loose-gramed  M'ood  is 

valueless  as  timber,  but  is  extensively  used  for  packing  cases,  tea 
chests,  and  camel  trunks :  and  as  it  does  not  rot  in  water,  it  is 
useful  for  stakes  in  Canal  banks,  &c  It  is  a  rapidly  growing 
tree,  and  long  planks  three  feet  in  width  can  be  obtained  from 
old  trees. 

The  "  Palmyra  palm  "  is  inferior  only  to  the  Date  and  Cocoanut 
palms  to  (he  natives  of  Asia.  The  sap  furnishes  Toddy,  the  seeds 
are  eaten,  the  leaves  arc  used  for  thatching,  mats,  baskets,  and  for 


27  Betula  Bhojputra. 
{^Betulactt.) 


28  Biononia  Chelonoides. 

{bigHOniac(e!) 

I      48  I  2804  I  10657  |    042 

29  Biqnoxia  Stipulata. 
I      04  I  5033  I  2f5908  |  1 380 
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(^Bomhaceop.) 
I  2225  I    0951  I 


078  I 


31  Bobassus  Flabellifor- 

HI8. 
i^Palmacect.') 


I      65  I  4904  I  11808  I    944  I  ^'^^^"S  ^^P^'^  '•  while  the  timber,  which  is  very  durable  and  of 
■       '  '  '  '  '  great  strength  to  sustain  cross  strain,  is  used  for  rafters,  Joists  and 


180  TOTBEB. 
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battens.  The  trees  have  howerer  to  attain  a  considerable  age, 
before  thev  are  fit  for  timber. 

32  Briedeua  Spixosa.  A  large  tree  of  Central  and  Southern  India,  with  strong,  tongli 
(^Euphorbiacit.')                dorable,  close-grained  wood,  of  a  copper  color,  which,  howerer,  is 

I      60  I  4132  i  14801  (    892  I  °^^  easily  worked.    It  is  employed  by  the  natives  for  cart  boild* 
'  '  '  '  '  ing  and  lionse  beams  :  and  is  also  nsed  for  railway  sleepers.    It 

lasts  well  under  water,  and  is  consequently  used  for  well  corba 

33  *BCTEA  Fbondosa.  The  *  dhak*  tree,  with  its  brilliant  scarlet  blossoms,  is  widely 

(^l^e^uminosit.)  distributed  throughout  India,  and  often  forms  large  tracts  of  low 

forest  The  w(X)d  is  generally  small  or  gnarled,  and  osed  only 
for  firewood.  In  Guzerat,  howerer,  it  is  extensively  used  for 
house  purposes ;  and  deemed  durable  and  strong.  The  flowers 
give  a  bright  yellow  dve. 

34  Brxug  Nepalexsis.  The  Himalayan  box,  which  is  found  in  the  North  West  Hima- 

i^Evphorbiacea.)  layas,  but  no  where  abundantly,  furnishes  a  ver}-  valuable  wood 

for  wood  engra^-ing  ;  but  not  equal  in  closeness  and  grain,  or 
hardness,  to  ^  Turkey"  or  European  box.  It  can,  however,  be  naed 
for  all  but  the  finest  wood  engrnWng,  and  is  largely  employed 
for  this  purpose  at  the  Thomason  C.  E.  College,  at  Roorkee. 

35  Btttkebia  Sp.  This  tree  is  abundant  in  Tcnasscrim,  and  furnishes  a  wood 
(^ByttntrittceaJ)               of  great  elasticity  and  strength,  invaluable  for  gun  carriages.    It  is 

I      68  I  4284  I  26571  |  1012  |  nsed  by  the  Burmese  for  axles,  cart  poles,  and  spear  handles. 

36  CfiSALPlNlA  Sappax.  This  tree  is  widely  distributed  through  South-Eastern  Asia, 

iLeguminogff.)  and  is  an  important  article  of  commerce  ;  but  from  its  value  as  a 

I      60  I  4790  1  22578  I  1540  I  ^'j^T'!?*^*  '^  "  °^*  available  as  timber :  though  it  is  admirably 
'  '  '  1^1  adapted  for  ornamental  work,  being  of  a  beautiful  *  flame' color, 

with  a  smooth  glassy  surface,  easily  worked,  and  neither  warping 

nor  cracking. 

37  CALAXua  There  are  many  species  of  this  genus,  furnishing  the  rattan 
iPalmaceae.)               canes  of  commerce  which  are  used  for  *'  caning"  chairs,  light 

carriages,  kc.  To  the  Engineer  they  furnish  materials  for  sos- 
pension  bridges  of  considerable  span  :  the  natives  of  the  Khasia 
nills  make  single  spans  of  300  feet  with  these  strong  and  flexible 
canes. 

38  CALOPHTLLim    AUOUSTI-    This  is  one  of  the  trees  furnishing  the  valuable  <  Poon'  spars : 

FOLIUM.  used  in  ship  building.    The  trees  are  becoming  scarce   cm  the 

{GuttifercB.)  Malabar  Ghats,  and  should  be  conserved.    Drs.  Roxburgh,  Gibson, 

I      IX  I  9QAA  I  iRAAi.  I    tiio  I  ^^^  Cleghom  concur  in  stating  that  C  Avgusti/olium  fnmishes 
I      «o  I  £}m  I  1000*  I    t)i^  I  ^^  p^^  gp^^  ^j  commerce  :  but  C  Inophyllum  also,  as  well  as 

Calysaccion  augustifolia,  Dillenia  pentagyna,  and  Sterculia  fit' 
tida  also  furnish  timber  often  termed  Poon. 

39  CALOPHTLLim  LONOI-         A  tree  of  Pegu  and  Maulmein,  furnishing  a  red  wood,  excellent 

FOLIUU.  for  masts,  helves,  &c.,  and  also  (when  well  cleaned  and  polished) 

I      46  I  8491  I  16388  I    546  I  ^^^  furniture  :  but  it  docs  not  appear  to  be  abundant.   The  timber 
*      -     '  '  •  •  of  this  tree  is  sometimes  termed  "  Red  Poon." 

40  *Careta  Arborea.  This  tree  grows  in  most  parts  of  India  of  a  good  size,  and 
{Barringtoniacea.)            furnishes  a  tenacious  and  durable  wood,  which  admits  of  a  fine 

iKA  I  QOKK  I  1  loAo  I    QTA  I  poUsh.    It  docs  uot,  howcvcr,  appear  to  be  much  used  as  timber 
*  '  I    "' ^  I  chief  material  of  which  the  carts  of  the  country  are  made,  and  the 

red  wood  is  esteemed  equivalent  to  Mahogany.  It  is  useful  as  a 
shady  avenue  tree. 

41  ♦CasuABINA  Muricata.         This  fir-like  tree,  imported  from  Tenasserim,  is  common  now  in 

(jCcLiuarinaceet.)  most  parts  of  India,  in  avenues,  gardens,  &c.     It  thrives  best  in 

I      KK  I  A£i£  I  onQfi7  I    Qon  I  ssndy  tracts,  cspeciallv  near  the  sea.     It  vields  a  strong,  fibrous 
I      ©0  I  4*7*  I  £\)Wi  I    yju  I  ^^^  g^j^  ^jjjj^j^j.  ^^  ^  'reddish  brown  color.    It  grows  with  great 

rapidity  :  and  is  admirably  fitted  for  stakes  in  Canals,  &c. 

42  *Cathabtocabpi78  Fistula.    This  is  an  ornamental  tree  for  avenues,  and  gardens,  scarcely  to 

(^Legumino$€B.)  be  surpassed  in  beauty  when  covered  with  scented  masses  of  yel- 

I      J.1  I  Q1KQ  I  ^nTl\fc.  I    QAa  i  ^'^'^  pendulous  blossom.    It  is  found  all  over  Southern  Asia,  but 

I     41  I  uiw  1 17705  I    846  |  generally  as  a  small  tree  whose  close-grained,  mottled,  dark  brown 
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*Cedrela  Toona. 
(^Cvdi'dacea.) 


31 


2G81 
3oG8 


9000  '    riJ»0 
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Cedrus  Deodara. 


35f.5 

4r>() 

3205 

5J^«; 

3025 

617 

G.*)5 
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wood  is  suited  for  furniture  :  in  ^falabar,  however,  it  grows  largo 
enough  to  be  used  for  spars  of  native  boats. 

The  *'  Toon  "  is  a  valuable  tree  found  throughout  India,  and 
vields  a  wood  extensively  used  bv  furniture  and  cabinet  makers  ; 
which  though  not  strong,  is  light,  aromatic,  close  grained,  beauti- 
fully veined,  easily  worked,  and  susceptible  of  a  high  polish.  It 
is  an  admirable  avenue  tree  with  handsome  evergreen  foliage. 

This  handsome  tree  of  the  North  West  Himalaya  furnishes  a 

fragrant,  almost  imperishable,  timber  of  great  value  in  roof  and 

bridge  building,  and  for  railway  sleepers.     It  is  considered  to  bo 

identical  with  the  cedar  of  I>ebanon.    It  is  the  most  valnablo 

timber  of  the  Himalayas,  where  it  grows  in  large  forests.    The 

appearance  of  the  tree  and  value  of  the  timber  vary  much  with 

the  soil,  and  aspect  of  the  ])lace  where  it  is  grown. 

Chickrassia  TABULARia      This  is  one  of  the  trees  named  in  commerce  "  Chittagong**  wood, 

{Cedrelucc^.)  though  occurring  also  in  Biumali,  Southern  India  and  Eastern 

I      lo  \  ofiT  I    o<>iT  I    nil  Be"ftft^-     1'^^e  wood  resembles  "  Toon**  in  appearance  and  aroma, 

I      4-  I  -»a>  I    J.»4.3  I    t>i*  I  but  is  ,„ore  strong  and  tou^h,  though  very  liable  to  warp  ;  it  ia 

used  as  *  Mahogany*  by  cabinet  makers. 

This  tree  of  Sonthern  India  and  Ceylon,  produces  a  beantifol 
yellow  wood  somewhat  resembling  *  l)ox*  and  known  as  Satin 
ttood  :  it  is  well  adapted  for  ornamental  decoration,  and  for  pic- 
ture frames  is  nearlv  equal  to  American  maple.  Logs  up  to  18 
feet  long  and  6  feet  in  girth  arc  obtainable  in  Madras.  It  is  a 
hanl  and  durable  wood,  used  for  posts  and  rafters,  agricultural 
implements,  and  wheel  naves. 

The  *•  Cocoanut  palm  **  widely  distributed  through  Southern  In- 
dia and  the  Eastern  Archii)elago,  is  one  of  the  most  valaablo  of 
trees,  chiefly  esteemed  for  its  nut,  but  furnishing  also  a  very  hard 
and  durable  wood,  fitted  for  ridge  poles,  rafters,  battens,  posts, 
pipes,  boats,  &c.  It  ^ws  from  40  to  100  feet  high,  and  2  to  4 
feet  mean  girth,  and  thrives  best  near  the  sea. 

A  largo  tree   plentiful  in  the  Burmese  forests,  with  hea^y, 

strong  white  timber,  adapted  to  every  purpose  of  house  bnildine. 

49  COKOCAEPUS  ACUMIXATUS.    A  largo  timber  tree  of  Southern  India  and  Bnrmah,  whore  it 

iCombretacea.)  reaches  a  height  of  80  feet  beforejho  first  branch,  and  a  girth  of 

I      59  I  4852  I  20628  |    880 


46  Chloroxlon  Swietenia. 
(Cedrelace^r.) 

60  I  4163  I  11369  |    870 


I 


47 


I 


48 


COCOS  NUCIPERA. 
{Palmncect.) 

70  I  8605  I    9150  | 


608  I 


CONKABUS  SpECIOSA. 
iConn/tracea.) 


.  12  feet  at  6  feet  above  ground.    The  heart  wood  is  reddish  brown, 
I  hard  and  durable  ;  used  for  house  and  cart  building.    If  exposed 


to  water  it  soon  decays. 

50  ♦CONOCARPUS  Latifolius.  This  is  an  equally  largo  tree  as  the  preceding  :  but  it  is  more 
I  is-  I  KAoo  I  on  -r  I  loon  i  ^dolv  distributed, occurring  in  Northern  India,  and  in  the  Dehra 
I      &o  I  5033  I  Jllo5  I  l.iO  I  Dtoon,     ^  furnishes  a  hard  durable  chocolate  colored  wood, 

Vjcry  strong  in  sustaining  cross  strain.  In  Nagporo  20,000  axlo 
trees  are  annually  made  from  this  wood.  It  is  well  suited  for  car- 
riage shafts. 

This  is  a  handsome  lofty  tree  of  the  North  West  Himalaya  ; 
but  is  not  at  all  abimdant :  and  being  esteemed  as  sacred  (and 


51      CUPRB88US  TORULOSA. 
(^<^«l/er<r.) 

I      I      I       I 


I  termed  *  dewadara*  (dewlar)  or  •*  g.)d  timber**  in  some  hill  states) 
'  it  is  not  felled  or  made  generally  available  as  timber,  though 


52  Dalberoia  Latifolia. 
(^Lcguminoia.^ 

I      50  I  4053  I  20283  |    912 


I 


very  well  suited  for  this  purpose. 

This  tree  is  distributed  throughout  India,  but  reaches  perfec- 
tion on  the  Malabar  coast.  It  is  perhaps  the  most  valuable  tree 
of  the  Madras  presidency,  furnishing  the  well  known  Malabar 
blai'kwood.  The  trunk  sometimes  measures  15  feet  in  girth,  and 
planks  4  feet  broad  are  often  procurable,  after  the  outside  white 
wood  has  been  removed.  It  is  used  for  all  sorts  of  furniture,  and 
is  especially  valued  in  gun  carriage  manufacture. 
53  *Dalbergia  OOJEINEN8I8.      A  tree  30  feet  high,  growing  in  the  valleys  of  the  Himalaya,  in 

Oudh,  on  the  Godaverv,  and  in  Bombay,  The  centio  timber  is 
dark,  of  great  strength  and  toughness,  especially  adapted  for  cart 
wheels,  and  ploughs. 
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54    *Dalberoia  Sissoo. 


60  I  4022  I  21257 
3516     12072 


807 
706 


55  DiLLBNIA  Pentagyna. 

(DiUeniacea.) 

I      70  I  3650  I  17053  |    907 

56  *DILLENIA  SpECIOSA. 

I      45  I  3355  I  12601  |    721  | 
57     DiosPTBOS  Ebenum. 


58  DiOSPTBOS  HlBSUTA. 

I      60  I  4296  I  19880  |    757  | 

59  DiOBPYROS  Melonoxylon. 
I      81  I  5058  I  15878  I  1180  | 

60  DiOBPYROB  T0M£KT0BA. 


61  DiPTEBOCARPUS  ALATUS. 

(Dipterocarpacea. ) 

I      46  I  3247  I  18781  |    750  | 

62  DlPTBBOCABrUSTUBBI- 

NATU8. 

I      46  I  3355  I  15070  I    762  I 
I      49  I  I    807  I 

63  ♦Emblica  Officinalis. 

(  Evphorhiacea .) 
I      46  I  2270  I  16964  |    562  | 

64  ♦Ebythbina  Indica. 

(Legumiiwfta.) 


65       ♦Eucalyptus. 
(^Myrtacea,) 


There  is  scarcely  a  tree  in  India  which  deserves  more  attention 
than  the  Sissoo,  taking  into  account  its  beauty  and  uses,  and  its 
rapid  growth  in  every  soil.  It  is  said  to  attain  perfection  in  28 
j'ears.  It  is  widely  spead  throngh  Northern  and  Central  India,  and 
is  more  used  than  any  tree  for  avenues  along  roads  and  canals, 
and  for  planting  in  Cantonments.  It  furnishes  the  Bengal  Gun- 
carriage  agencies  with  their  best  timber,  and  iH  the  best  of  all 
Indian  woods  for  joiner's  work,  tables,  chairs  and  furniture. 

A  stately  and  valuable  forest  tree  of  Southern  India  and 
Burmah,  furnishing  some  of  the  poon  spars  of  commerce.  The 
wood  is  used  in  house  and  ship  building  :  being  close-grained, 
tough,  durable,  (even  under-ground,)  of  a  reddish  brown  color, 
not  easily  worked,  and  subject  to  warp  and  crack. 

The  ChiiHa  is  a  large  and  ornamental  tree  of  India  and  Bnrmah, 
with  large  fragrant  white  flowers,  edible  fruit,  and  light,  strong, 
light  brown  wood  of  the  same  general  characteristics  with  the  pre- 
ceding tree.    It  is  used  in  house  building  and  for  gun  stocks. 

The  true  Ebony  tree  grows  in  Ceylon  and  Southern  India. 
This  heart  wood  is  deep  black,  the  outer  wood  is  white  ;  with 
advancing  age  the  black  wood  increases.  It  is  much  affected  by 
the  weather,  so  that  it  is  seldom  used,  except  in  veneer,  and  deli- 
cate and  costlv  cabinet  work. 

A  middle  sized  tree  of  Ceylon  and  Coromandcl,  fnmishing  one 
of  the  Calaniander  woods  of  commerce,  of  a  chocalate  color, 
with  black  streaks  and  marks,  esteemed  for  ornamental  purposes : 
scarce  and  valuable.  Obtainable  in  logs  12  feet  long,  4  feet  in 
girth. 

This  is  a  very  large  tree  of  South  India  and  Pegn,  fnmishing  a 
valuable  wood  for  inlaying  and  ornamental  turnery,  the  sap  w<x)d 
white,  the  heart  wood  even  grained,  heavy,  close  and  black,  stand- 
ing a  high  polish. 

This  is  the  North  Indian  representative  of  the  ebony-pro- 
ducing Southern  forms  of  Dyospyros:  occurring  in  Northern 
Bengal,  Oudh,  &c. ;  a  tall  elegant  tree,  furnishing  a  hard  and  hea- 
vy black  wood.  The  voung  trees  are  extensively  felled  by  the 
natives  as  cart  axles,  for  which  they  are  well  suited  from  their 
toughness  and  strength. 

A  magnificent  forest  tree  of  Pegn  and  the  Straits,  rising  260  feet 
in  height,  and  100  feet  to  the  first  branch.  The  timber  is  excellent 
for  every  purpose  of  house  building,  but  if  exposed  to  moistore 
is  not  durable :  it  is  hard  and  coarse-grained,  with  a  powerful  odonr, 
and  of  light  brown  color.    It  furnishes  wood  oil. 

This  is  another  lofty  wood  oil  tree  of  Assam  and  Burmah,  and 
the  Andamans,  with  a  coarse-grained  timber  of  a  light  brown  color, 
not  easily  worked,  and  not  durable.  It  is  nsed  by  the  natives  for 
house  building,  in  sawn  planks,  which  will  not  stand  exposure 
and  moisture. 

The  tree  producing  the  Myrohalan  fruit,  is  distributed  throngh- 
ont  India,  furnishing  a  bard  and  durable  wood,  nsed  for  gon 
stocks,  furniture,  boxes  and  veneering  and  turning  :  it  is  suitable 
for  well  curbs,  as  it  does  not  decay  under  water. 

A  common  tree  throughout  ludia  and  Burmah,  with  a  profnraon 
of  brilliant  scarlet  blossoms,  whence  it  is  called  the  "  Coral"  tree  : 
it  furnishes  a  soft,  white,  easily  worked  wood,  being  light,  bat  of 
no  strength,  and  eagerly  attacked  by  white  anta.  It  is  used  for 
scabbards,  toys,  light  boxes  and  trays,  &c.  It  grows  very  quickly 
from  cuttings. 

This  is  not  an  Indian  genus,  but  many  species  are  now  being 
naturalized  in  both  the  Hills  and  plains  of  India,  imported  from 
Anstralia.  Sufficient  time  has  not  yet  elapsed  to  establish  the  ya- 
laeof  the  <*  Bine  ^um"  and  other  Eucalypti  when  grown  in  India. 
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I 


♦Feronia  Elephantum. 
{Aurantiacea,) 

50  I  8248  I  18909  ] 


645  I 


67 


*FlOUB  Elastica. 
(^MoracecB,) 


68  *Ficus  Glomebata. 

I      40  I  21 13     12G91  I    5 
I  2096 

69  *Ficu8  Indica. 
I      36  I  2876  I    9157  | 


70     *Ficus  Religiosa. 


I      8* 


2454 
2871 


7535  I    584  | 


71    *Omelina  Abborea. 
■  (^Vtrbenacea.) 


I      85  I  2132  I 


I 


72  (a)  ♦Gbewia  Elastica. 


The  tall  H'ood  apple  tree  is  widely  diffused  thronghont  India, 
both  wild  and  io  gardens  and  groves  :  the  palp  of  the  large,  hard 
shelled  fruit  is  eaten  :  and  the  bark  famishes  a  large  quantity  of 
clear  white  gum  known  as  "  East  India  Gam  Arabic."  It  has 
a  yellofv  colored,  hard,  and  compact  wood  used  bv  the  natives  in 
house  and  cart  building  ;  and  in  some  places  employed  as  Railway 
Sleepers. 

The  Caoutchouc  fig  tree  grows  on  the  Hills  of  Assam  and 
Silhet,  but  is  to  be  found  as  an  imported  tree  in  other  parts  of 
India.  The  ailky  jaice  is  extracted  by  incisions  across  the  bark 
down  to  the  wood  :  50ozs.  of  the  juice  famish  15os8.  of  Caoat- 
chouc 

The  Oooler  is  a  wide  spreading  shady  tree,  producing  gpreat  num- 
gg  I  bers  of  small  red  Hgs  growing  in  clusters  on  the  branches.     The 
'  wood  is  light,  tough,  coarse-grained,  and  brittle.     It  is  used  for  door 
panels,  and  being  very  durable  under  water,  for  well-curbs. 

The  well  known  **  Banyan"  or  "  Bur"  is  one  of  the  common- 
est trees  of  India.  Its  wood  is  brown  colored,  light,  brittle  and 
coarse-grained,  neither  strong,  or  durable  (except  under  water,  for 
which  cause  it  is  used  for  well  curbs.)  The  wood  however  of  its 
pendent  aerial  roots  is  strong  and  tough,  and  used  for  yokes,  tent 
poles,  &c 

The  Peepul  is  as  widely  spread  and  well  known  as  the  banyan, 
and  with  it  is  planted  near  temples  and  tombs,  and  in  sacfed 
458  I  S^^'^^    '^^^  wood  is  similar  in  appearance,  characteriatica  and 
'  uses  to  that  of  the  Banyan. 

A  large  forest  tree  of  Central  and  Southern  India  and  Bormah: 
a  suitable  tree  for  avenues  from  its  size,  straightneas,  and  band- 
I  some  flowers.  It  has  a  pale  yellow  wood,  lignt,  easily  worked, 
I  not  shrinking  or  warping,  strong  and  durable,  especially  under 
water :  it  is  however  readilv  attacked  by  white  ants :  nsed  for 
furniture,  carriage  panels,  palkees,  &c  In  Bormah  nsed  for  poets 
and  house  building  generally. 

In  some  parts  of  India  these  trees  are  said  to  reach  a  large  size, 


600 


{Tiliacea.) 
I      34  I  2876  I  17450  |    565  | 

73  GUATTEBIA  LONGIFOLIA. 

(Anonaceae.) 

I      87  I  2860  I  14720  |    547  | 

74  IlABDWICKIA  BiNATA. 
{Leguminosa:.) 


I 


75 


76 


77 


lb)  Gbewia  TilicefoliaiP   but  the  wood  generally  is  procured  in  small  scantlings,  suitable  for 

""'"         ^  spear  shafts,  carriage  and  dooly  poles,  bows,  and  tool  handles,  for 

which  it  is  admirably  adapted  being  light,  soft,  flexible  and  flbrous, 

resembling  lance  wood  or  hickory. 

This  handsome  erect  tree  with  beautiful  foliage  and  dark  shade, 

is  much  grown  as  an  ornamental  avenue  tree  in  Southern  India. 

The  wood  is  very  light  and  flexible,  but  is  not  nsed  except  for 

drum  cylinders. 

An  elegant,  tall  and  erect  tree  of  Central  and. Southern  India, 

furnishing  a  red  or  dark  colored,  very  hard,   very  strong  and 

u-  I  A'Ta  I  lomn  I    019  I  heavy  wood,  useful  for  posts,  pillars,  and  piles  ;  and  excellent  also 
bo  I  4o7y  I  iJUib  I    J*£  I  £qj.  onjamcntal  turnery. 

This  peculiar,  gloomy  looking,  tree,  known  in  Bengal  as  the 
*<  Soondree,"  grows  on  tracts  occasionally  inundated  by  the  tides  in 
Tenasserim  and  the  Gangetic  Delta,  (giving  their  name  to  the 
Soonderbunds.)  It  is  the  toughest  wood  that  has  been  tested  in 
India,  and  stands  without  a  rival  in  strength,  and  is  used  for 
piles,  naves,  felloes,  spokes,  and  carriage  shafts  and  poles.  It  is 
now  ever  a  perishable  wood,  and  shrinks  much  in  seasoning. 

One  of  the  finest  timber  trees  of  British  Burmah,  sometimes 

reaching  80  feet  in  height  to  the  first  branch,  and  12  feet  in 

I  girth  :  a  large  boat  of  8  feet  beam  and  can^-ing  4  tons,  being  some- 

I  times  made  of  a  single  scooped-out  trunk.    The  wood  is  close 

even  grained,  of  a  light  brown  color.  ^ 

•IXGA  LuciDA.  A  very  fine  and  rapid  growing  timber  tree  from    Southern 

{Leguminotm,)  India,  Burmah,  Assam,  Ncpaul,  &c.,  growing  to  a  great  height, 

with  sweet  scented  blossoms,  and  magnificent,  shady,  folii^ : 


Hebitieba  Minob. 
{Sterculiacea.) 

64  I  3775  I  29112 
I  *677 
I  I 


816 

1312 

925 


Hopea  Odobata. 
(Dijfteraeece.) 
58  I  I    800 

45    3660    22209      706 


40  I  3665 
41 


15388  I    637 
642 
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well  suited  for  aveDaea.  The  heart  wood  is  black,  and  is  termed 
Iron  wood  in  Bnnnah. 

78  IirOA  Xtlocabpa.  This  ralnable  timber  tree  known  as  the  Iron  wood  of  Airaean 

I      58  I  4288  I  166 '7  I    836  !  ^^  ^^^^^  thronghoat  Sonthem  India  and  Bnnnah,  fnmishlnff  a 
I  I      DO  I    ood    I    o<jo  j  y^QQ^  q£  ^gjy  superior  qoalitv,  heavy,  hard,  close-i^rained,  and  du- 

rable, and  of  a  very  dark  red  color  .  it  is,  however,  not  easilj  work- 
ed and  resists  nails.  It  is  extensively  nsed  for  bridge  bnildiog, 
posts,  piles,  &c,  and  is  a  good  wood  for  sleepers,  lasting  (wbMi 
jadicioQsly  selected,  and  thoronghlv  seasoned)  for  six  jears. 

79  JUOLAKB  Regia.  The  Walnut  is  abundant  in  the  villages  of  the  N.  W.  Himalaya* 
{Jujflandacece.^                and  its  beautiful  wood  is  nsed  for  all  sorts  of  fnmitnre  and  ca- 
binet work  in  the  bazaars  of  the  Hill  Stations. 

80  ^Laoerstraemia  Hegixce.    This  is  a  roost  beautiful  flowering  tree  from  South  India,  Bnnnah 

{^Lythracea.')  and  Assam,  but  introduced  into  the  gardens  of  North  India  for 

the  beauty  of  its  luxuriant  purple  blossoms.  In  Burmah  it 
grows  to  a  large  tree,  and  the  wood  is  nsed  more  extensively  than 
any  other,  except  Teak,  for  boat,  cart,  and  house  building,  and  in 
the  Madras  gun  carriage  manufactory,  for  felloes,  naves,  framings 
of  waggons,  &c. 

81  ♦Mangifera  Ixdica.  The  Mango   is  generally  diffused  over  all  the  warmer  parts 

(  Terebinthacea.)  of  Asia,  and  is  nmch  esteemed  for  its  fruit   Its  wood,  however,  is 

I      42  I  3710  I    9518  I    632  I  ^^,  '"^^"^^  .quality,  coarse  and  open  gramed    of  a  deep  gmy 
I  I  8120      7702  I    560  '  ^^^^>  ^^^y^8  ^  exposed  to  wet,  and  greedilv  eaten  by  white 

I  *  '  I    ^      )  ants.    It  is,  however,  largely  nsed,  being  plentiful  and  cheap,  for 

common  doors  and  doorposts,  boards  and  furniture,  and  also  for 

firewood.    It  should  never  be  used  for  beams,  as  it  is  liable  to 

snap  off  short 

88     Melanobhcea  Usita-  The  Varnish  tree  of  Bnrmah  forms  larse  forests  in  oonjonction 

Tissuf A.  with  Teak  and  S&l,  and  furnishes  a  dark-ied,  hud,  heavy,  close 

(^Anacardiaceoe.)  and  even-grained  and  durable  (but  brittle)  timber,  useful  for  helvea, 

I      61  I  3016  I  I    514  I  sheave  blocks,  machii\erv,  railway  sleepers,  &c. 

83  *Mklia  Azadarach.  The  **  Persian  Lilac''  of  India  which  grows  throughout  China, 

(^Meliaca.')  India,  S^Tia,  &c.,  is  ornamental  when  in  full  foliage,  and  covered 

I      30  I  2516  I  14277  I    596  I  ^^^^  sweet  scented  lilac  flowers  :  but  it  is  deciduous,  and  bare 
'  '  '  '  'of  leaves  for  man^  months,  sho#ing  then  only  its  bunches  of  yellow 

*  beads';  so  that  it  is  not  altogether  desirable  as  an  avenue  toee, 
though  very  much  planted  for  this  purpose.  The  soft,  red  colored, 
loose  textured  wood  (resembUng  in  appearance  cedar)  is  used 
only  for  light  furniture. 

84  *M1CUELIA  Cuampaca.       a  fine  timber  tree  with  handsome  foliage  and  flowers.    In  the 

{Magnolia era.)  Dehra  Dhoon  it  reaches  16  feet  in  girth.    In  Mysore,  trees  measur- 

I      42  I  I  I  I  ing  50  feet  in  girth,  3  feet  above  ground  level  are  found,  and  slabs  6 

feet  in  breadth  can  be  obtained ;  as  the  wood  takes  a  beautiful 
polish,  it  makes  handsome  tables  :  it  is  of  a  rich  brown  color. 
85  ^MlLLiNGTONiA  IIoRT£NSi&    A  very  handsome  tree  for  avenues  ;  tall  and  straight,  with 
{Bignoniacea),  graceful  foliage  and  fragrant  white  flowers.      It  grows  very  ra- 

pidly, but  is  not  long  lived,  and  is  easily  injured  by  storms.  The 
bark  is  soft  and  spongy  ;  the  wood  is  white,  fine  and  close-grained, 
but  of  little  use. 

86  *AIiMUSOPS  Elengi.  This  is  an  ornamental,  more  than  a  useful  tree,  grown  in  gar- 

(^Sajwtacea!)  dens  and  avenues  throughout  India  and  Bunnah,  for  the  beauty 

I      61  I  3653  I  1 1309  I    032  I  ^/  '^  ^^i^*^^'  *°^  !^  fra^ant  white  flowers.    The  wood  is  heavy, 
'  •  '  '  '  close  and  evcn-gramed,  of  a  pink  color,  standing  a  good  poush  : 

and  is  used  for  cabinet  making  purposes,  and  ordinary  house 

building. 

87  MiHUBOPS  Hexandra.  This  tree  grows  in  South  India  and  Guzerat,  and  furnishes  wood 

I      70  I  3948  I  19036  I    944  I  Y"^.  ^^^^^^^  *^  ^%  **«<^  °?"^,t?*  '^^-  ^'^  fS^  Purposes  ;  and 
'  '  •  '  'for  instruments,  rulers,  and  other  articles  of  turnery. 

88  MiMUSOPS  Indica.  This  is  a  valuable  tiee  of  South  India  and  Ceylon  ;  with  a 

I      4m  I  4296  I  2a«*>4  I    845  I  c<J*'8C-8^'^cd»  ^"*   strong  fibrous  durable  wimhI  of  a  reddish 
I      40  I  »^jo  I  ^.jo-*  I    040  I  jjpQ^Q  ^Iq^  .  ug^j4  fy,.  house  buildiog,  and  for  gun  stocks. 
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*MOBIKOA  Ptebygospebma.    A  handsome  tall  tree,  with  shady  foliage,  and  of  rapid  growth. 


90 


(^Moriagacece.) 

*MOBUS  Ikdica. 
{Moraceae,) 


91 


Nauclea  Cadumba. 
{Cinchonacea.) 


92    *Nauclea  Cobdifolia. 
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95 


♦Nauclea  Pabvifloba 
42 1  I 


96 


♦PH<ENIX   SYLVKSTBia 
{Palmacea.) 

89  I  8813  I    8856  |    512 

Picea  Webbiana. 
{Cvni/era.) 

88!  I  I 

PiNUH  EXCELSA. 


The  wood  is  white  and  soft ;  and  the  scrapings  from  the  root 
form  a  good  sabstitute  for  the  horse  radish. 

This  species  of  Mulberry,  as  well  as  Moms  Multicanlis^  and 
Af.  Nigruy  arc  common  in  Northern  India :  in  some  parts  of 
the  Panjab  and  Oadh  being  planted  in  connection  with  silk 
worm  rearing.  It  is  also  grown  in  nvennes,  for  which,  however, 
it  is  nnsaited,  being  for  many  months  quite  bare  of  leaves.  The 
wood  is  yellow,  close*grained,  very  tongh,  and  well  suited  for 
turning. 

A  noble  oninmental  tree  of  India  and  Bnrmah,  with  orange 
colored  flowers  :  sometimes  in  the  latter  country,  reaching  80  feet 
in  height,  and  12  feet  in  girth,  it  has  a  hard,  deep  yellow,  loose- 
grained  wood,  used  for  furniture.  In  the  Gwalior  bazaars,  it  is 
the  commonest  building  timber,  and  is  ranch  used  for  rafters  on 
account  of  cheapness  and  lightness,  but  it  is  obtained  there  only  in 
small  scantlings. 

This  is  also  a  very  large  tree,  with  a  soft  close  even-grained  wood 
resembling  in  appearence  Box,  but  light  and  more  easily  worked, 
and  very  susceptible  to  alternations  of  temperature.  It  is' esteemed 
as  an  ornamental  wood  for  cabinet  purposes. 

A  large  fine  timber  tree  :  with  a  wood  of  fine  grain  easily  work- 
I  400  I  ^^^'  "^^^  ^^^  flooring  planks,  packing  boxes  and  cabinet  purposes  ; 
I         '  it  is  much  used  by  the  wood  carvers  of  Saharunpore. 


664 
506 


97  ♦Pin  us  Longifolia. 
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♦Pong  AMI  A  Glabra. 
(Leguminosce'). 


This  wild  **  date  palm  **  is  common  all  over  India,  and  is  valued 
for  the  *  tfdfiy*  extracted  horn  it.     The  trunks  are  ased  for  tempo- 
I  rary  bridges,  revetment  piling,  and  water  conduits.      The  wood 
•  is  brown  and  cross-grained,  and  not  very  strong. 

The  silver  fir,  of  the  N.  W.  Himalaya,  grows  at  high  altitudes, 
8000  to  12000  feet,  in  dark  sombre  forests:  and  reaches  from 
100  to  200  feet  in  height,  with  very  short  straight  lateral  branches. 
The  wood  is  white,  soft,  easily  split,  and  used  as  shingle  for  roof- 
ing, but  is  not  generally  valued  as  timber. 

A  handsome  lofty  pine  growing  at  altitudes  of  6000  to  11000  in 
the  N.  W.  Himalaya,  and  furnishing  a  resinous  wood,  much  used 
for  flambeaux  :  it  is  durable  and  close-grained  ;  much  used  for 
burning  charcoal  in  the  hills  :  and  also  for  building. 

The  long  leaved  *  Cheer'  pine  is  the  first  of  this  genus  obtained 
in  ascending  the  Himalaya,  growing  from  2000  to  6000  feet  alti- 
tude ;  and  being  common  and  light,  is  largely  used  in  bouse  build- 
ing. It  requires  however  to  be  protected  from  the  weather,  and  is 
suitable  for  only  interior  work  in  houses.  It  grows  well  as  an  im- 
ported tree  in  the  plains  as  low  as  Meernt 

This  tree  grows  all  over  India  and  Burmah,  and  is  an  excellent 
avenue  tree,  reaching  in  good  soil  a'height  of  40  feet,  with  dense 


JA  I  QiQi  I  iiini  I  auo  I  <l*rk  green  shining  foliage  all  the  year  round,  which,  however, 
4U  ,  84»1  I  111U4  I  b»0  1  j^  ^p^  ^  |j^  ^.jj.jj  tiisfigurcd  by  numberless  leaf-mining  in- 
sects, *  blotching'  the  leaves.  The  wood  is  light,  t^ugh  and  fib- 
rous, but  not  easily  worked,  yellowish  brown  in  color,  not  taking 
a  smooth  surface.  Solid  wheels  are  made  from  this  wood  :  it 
is,  however,  chiefly  used  as  firewood,  and  its  boughs  and  leaves 
as  manure. 

A  fine  timber  tree,  well  suited  for  dry  sandy  soils,  and  furnishing 
a  strong  hard  tough  wood,  easily  worked.  It  grows  in  Mysore  and 
Bombay,  but  thrives  especially  in  Sindh,  where  it  obtains  a  large 
size.     It  is  common  also  in  the  Jullundur  Doab. 

The  Guara  is  a  well  known  fruit  tree  of  South-Eastem  Asia. 

It  is  a  small  tree,  and  furnishes  a  j^ray  hard,  tough,  light,  very 

flexible,  but  riot  strong  wood  :  which  is  very  close  and  fine  grained, 

and  easily  and  siu^jothly  worked,  so  that  it  is  fitted  fur  Wood  En- 

gruvLug,  and  for  handles  of  scieutiHc  and  other  instruments. 
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99  *Pbo?opis  Spicigeba. 
{Lcguniinosa.) 


100   ♦PSIDIUM   POMIFEBUM. 
{Mgrlacea.) 

I      47  I  2676  1  13116  |    (ilS 
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Ptbbooabpub  Mae- 

■UPZUM. 


I 


104    *PTSB08PERMUH  Acebi- 
FOLIUM. 
iByttneriiicea.) 


100 


101    Ptibooabpus  Dalbsb-       This  Uifn  and  handsome  Padowh  tree  is  a  natire  of  the  Ab- 
OZOIDEB.  daman  and  Burmese  forests,  and  furnishes  a  red,  Mahogany  like 

iLe^uminottt,)  timber,  prized  by  the  natives  above  all  others  for  cart-wheels,  and 

56  I  4180  I  19080  |    864  |  extensively  nsed  by  Qovemment  in  the  construction  of  ordnance 
49  984    carriages. 

This  large  and  very  beautiful  tree  is  widely  diffused,  and  yieldi 
one  of  the  most  abundant  and  useful  timbers  of  Southern  India* 

56  I  418S  I  19948  i    868  I  '^^  *^*^  ^^  valuable  gum  kino.    The  wood  is  light  brown, 
'  '  *  ■  strong,  and  very  durable,  close-grained,  but  not  easily  worked : 

it  is  extensively  used  for  cart  framing  and  bouse  building,  bat 
should  be  protected  from  wet :  it  is  ^so  well  6tted  for  railway 
sleepers. 
103  Ftbbooabpus  Saktalinu&     The  red  sandal  wood  tree  grows  in  the  forests  of  South  India. 

70  I  4682  I  19036  I    975  I  ^**  *^^^  ^^  ^^  ^7  weight  as  a  dye  wood,  and  exported  to  Eng- 
'  '  '  •  land.    It  is  heavy,  extremely  hard,  with  a  fine  grain,  and  is  suit- 

able for  turnery,  being  of  a  dark  red  color,  and  taking  a  good 
polish. 

A  lofty,  handsome,  shady  tree,  suited  for  avenues  :  from  South 
India,  Assam  and  Burraah.  It  has  a  dark  brown  wood  of  great 
value,  and  as  strong  as  teak  :  but  its  durability  has  not  yet  been 
tested. 

105  •PUTBANjiYARoXBUBOHn.    A  large  shady  timber  tree  with  straight,  erect,  trunk;  and 
{Huphorbiaoem.^  with  wood  white,  close-grained,  very  hard,  durable,  and  suited 

for  turning.    It  grows  along  the  foot  of  the  llimalaya,  and  in 
Oudh,  Assam,  Sylhet  and  South  India. 
QUBBOUS.  Numerous  species  of  Oak  are  found  in  the  Himalayas,  Svlhet 

M    „     I.VOAKA.  and  Malay  Peninsula.    The  three  marginally  noted,  form  large 

>)    M     DiLATATA.  forests  in  the  N.  W.  HimHlaya.     Jncana  occurring  from  6000  to 

LO    „     SemicarpiFOLIA.     9000  feet,  and  Semacarpi/oUa  ascending  to  12000  feet.     They 
{Corytucea,)  are  lofty  trees,  80  to  100  feet  in  height,  and  furnish  serviceable 

II         I  (a^  491  I  *^°*^^  •  ^°  ^'*'  Cleghom's  opinion  some  of  the  best  timber  we  have. 
I  I         I  ^0^670    "^^^  wood  is  heavy  and  for  2  years  or  more  after  felling,  will  not 

'         *  ^  '         '  float ;  hence  it  has  not  found  its  way  to  the  plains  by  the  rivers, 

as  is  the  case  with  the  )>inc  woods.     Q.  Semicarpifolia  in  color, 
and  p'ain  resembles  the  English  onk. 

The  *  Kukkur*  of  the  N.  W.  Himulaya,  fumish'es  a  wood  much 
valued  by  cabinetmakers  for  ornamental  furniture.  Flanks  8  X 
2\  feet  can  be  obtained  from  some  trees. 

This  is  the  true  Sandal  wood,  and  is  found  abundantly  in  My- 
sore.   It  growa  throughout  Southern  India,  Assam,  Cochin  China, 

I      68  I  8481  I  19481  I    874  I  ^^'*  ^^^  ^^  ^^^^  ^'  ^^^^^^  ^  ^®  burned  as  a  perfume.    It  is  also 
'  '  '  '  '  valued  for  making  work  boxes,  and  small  articles  of  ornament : 

and  for  wardrobe  boxes,  &c.,  where  its  agreeable  odour  is  a 
preventive  against  insects. 
100  *SAPUn>T7S  Ehabqikatus.      The  Soapnut  tree  is  common  to  India  and  Burmah  :  a  handsome 
{Sapindaceof.)  tree  30  feet  high,  and  4  feet  girth,  furnishing  a  hard  wood,  which 

I      64  I  8965  I  16496  I    682  I  I*  ?^.*  ^"^!i^l®  ^^  ^^y  r*"^^^'  «°^  '^  ^'^^^%  ^  ^^^'^  f  ^  exposed  ; 
•  •  I    «/  w    I    vw    I  Y^^^  jg  ^^^  jj    natives  for  posts  and  door  frames :  also  for  f ueL 

The  tree  is  valued  for  its  nuts  or  berries  used  for  washing. 

A  tree  of  Southern  India,  producing  a  red  strong,  hard  and 
heavy  wood,  used  for  oil  presses,  sugar  crushers  and  axles.  It 
occurs  also  in  the  East  of  the  Punjab.  It  is  a  large  and  common 
tree  in  Burmah,  where  excellent  solid  cart  wheels  arc  formed  from 
it 

The  Thee-ya  is  a  Burmese  species  of  «d/,  producing  a  heavj'  and 
compact  wood,  closer  and  darker  colored  than  ordinary  s4l,  used 
I      68  I  3500  I  20254  |    730  |  for  making  carts,  and  oil  and  rice  mills. 
112     *Shobba  Kobusta.  The  »dl  furnishes  the  best  and  most  extensively  used  timber 

in  Northern  India,  and  is  unquestionably  the  most  useful  known 
Indian  timber  for  Engineering  purposes :  it  is  used  for  roofs  and 
bridgeii  ihip  building  and  hoiiM  boilding,  ileepen»  &o.    The  tree 
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Santaluu  Album. 
(^SantaUicea.') 


110  *Sghleicheba  Tbuuoa. 
(^Sapindacea.) 
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Shobea  Obtusa. 
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113    Son:<eratia  Apetala. 


114     SOTMIDA  FeBRIFUOA. 
{Ccdrelaccce.} 


I 


115    Sterculia  Fcetida. 
{Sttrcnliucea  ) 

I      28  I  3,349  I  1073G  |  4G4 


117  ♦Tamarindus  Indica. 
{Leguminosa.) 


grows  in  forests  in  the  Terai  extending  along  the  foot  of  the  Hima- 
laya, from  the  Brahmapootra  to  the  Jumna,  and  in  Bannah  and 
Tenasserim.  The  timber  is  straight,  strong,  and  durable ;  but 
seasons  very  slowly,  and  is  for  many  years  liable  to  warp  and 
shrink. 

A  large  and  elegant  tree  of  the  Gangctic  Delta,  Bombay  and 
Rangoon  ;  yields  a  strong,  hard,  red  wood  of  coarse  grain,  used  in 
Calcutta  for  packing  cases  for  beer  and  wine,  and  is  also  adapted 
for  rough  house  building  purposes. 

A  large  forest  tree  of  Central  and  Southern  India,  furnishing 
a  bright  red  close  grained  wood,  of  great  strength  and  durability, 

f6  I  30S6  I  1"070  I  102i  I  P^^^^*"^^*^  above  all  wood  by  the  Southern  India  Hindoos  for  the 
'    ^'^     '    *^        '  '  wood-work  of  their  houses.    Though  not  standing  well  exposure 

to  sun  and  weather,  it  never  rots  under-ground  or  in  masoniy, 
and  is  very  well  suited  for  palisades  and  railway  sleepers. 

A  large  tree  of  South  India,  Ceylon  and  Burmah     In  the  lat- 
ter country,  the  trunk  is  50  feet  to  the  first  branch,  and  girth  10 
I  feet,  at  G  feet  from  ground  :  but  the  timber  is  not  used  there.    In 
'  Ceylon  it  is  used  for  house  building,  and  in  Mysore  for  a  Tariety 
of  i)uri>o8es,  taking  the  place  of  the  true ^oo».     The  wood  is  light, 
tou^h,  open  grained,  easily  worked,  not  splitting,  nor  warping : 
in  color  yellowish  white. 
116  ♦Syzyoium  Jambolanum.      The  Jamoon  is  widely  diffused  throngh  India,  and  is  valued 
i^Myrtaceoi.')  as  an  avenue  tree  from  its  height,  handsome  foliage  and  edible 

I      48  I  2''4('  I    8840  I    600  !  P^""^"^^'^®  fruit    The  brown  wood  is  not  very  strong  or  darable, 
'  I    '       I  I  I  but  is  used  for  door  and  window  frames  of  native  houses  ;  though 

more  generally  as  fuel.  It  is  however  suitable  for  well  and  canal 
works,  being  almost  indestructible  under  water. 

The  Tamarind  is  a  very  handsome  tree  for  avenues,  gardens, 

^c,  of  very  slow  growth,  but  attaining  a  great  size ;  and  mnch 

valued  for  its  fruit     The  heart  wood  is  very  bard,  close  grained. 

g^*  j  dark  red,  very  hard  to  be  worked  ;  used  for  turnery,  also  for  oil 

'  presses  and  sugar  crushers,  mallets,  and  plane  handles ;  it  is  a  very 

good  brick  burning  fuel. 

The  Teak  furnishes  the  most  useful  and  dnrable  timber  known. 

It  grows  in  Southern  India,  Burmah,  Java,  Sumatra,  &c.   The 

wood  is  brown,  and  when  fresh  cut  is  fragrant :  very  hard  vet  light, 

easily  worked,  and  though  porous,  strong  and  durable :   soon 

I  14498  '    fi83  I  s^^**"*^"^^'  ^"^  shrinks  little  ;  used  for  every  description  of  hoose 

'  ■    **      I  building,  bridges,  gun  carriages,  ship  building,  &c. 

Terminalia  Ahjcna.  a  tree  widely  diffused,  often  found  in  company  with  teak,  and 

{Combretaceo'.)  growing  to  a  very  large  size.     It  furnishes  a  dark  brown,  heavy, 

54  I  4094  I  16288  |    820  |  very  strong  wood,  suitable  for  masts  and  spars,  beams  and  rafters. 

120    *  Terminalia  Belerica.      A  very  large  forest  ttee  with  a  straight  trunk,  and  spreading 

head,  and  flowers  with  an  offensive  smell.  It  is  a  very  fine  looking 
tree  for  avenues,  but  the  wood  is  white  and  soft  and  not  used  in 
carpentn-. 

A  beautiful  and  lofty  tree  with  horizontal  branches,  growing 

I      '19  I  Qinft  I    7-rQ  I    170  I  ^"  ^^^•'^  *  planted  in  gardens  and  avenues.     The  wood  is  used  in 
I      j^  I  <Jiuo  I    ioK)6  I    */u  1  g  jj^jj^  j^j.  ^.^n,^on  ^,^08^  building,  but  it  is  light  and  coarse- 
grained, possesHug  little  strength,  and  liable  to  warp.   In  Burmah 
it  is  used  for  yokes  and  canoes.    The  fruit  and  galls  are  used  by 
dyers. 

122  Terminalia  Coriacea.  A  large  tree,  common  in  the  forests  of  Central  and  Southern  India^ 
I  fiO  I  404^  I  223"!  I  860  I  ^^  ^'hich  the  heart  wood  is  one  of  the  most  durable  woods  known  : 
'  '  '        <^    I      *»    I  reddish  brown,  heavy,  tough  and  durable,  very  fibrous  and  elastic, 

close  and  even- grained  :  used  for  beams  and  posts,  wheel  and 
cart  building  generally:  and  telegraph  posts.  It  is  darable  nnder 
water  and  is  not  touched  by  white  ants. 

123  Termikalia  Glabra.  This  valuable  timber  tree,  is  found  in  all  the  Teak  forests  of  In- 
I     55  I  3905  I  20085  |    840  |  dia  and  Burmah,  furnishing  a  very  hard,  darable,  strong  cloee 
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♦Tectoka  Grandis. 
(  Verbena  C€<f.) 
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121  *Termikalia  Chebula. 
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and  even  grained  wood,  of  a  dark  brown  color,  obtainable  in  large 
scantling,  and  available  for  all  purposes  of  house  building,  cart 
framing  and  furniture. 
124  *Tebminalia  Tomkntosa.      A  valuable  forest  tree  of  Malabar,  Nagpore.  Kajmahal,  Ondh, 

&c.  :  uhich  supplies  a  heavy,  strong,  durable  and  elastic  wood.  It 
is,  however,  a  difScult  timber  to  work  up,  and  splits  freely  in  ex- 
posed situations.  A  good  wood  for  joists,  beams,  tic-rods,  &&, 
and  for  railway  purposes,  and  is  often  sold  in  the  market  ander 
the  name  of  sdl^  but  it  in  not  equal  to  that  wood. 
126  Thespesia  Populnea.  The  Portia  tree  of  Madras  is  much  used  for  avenues,  from  its 
(Malvaceae.)  handsome  appearance.     It  grows  most  rapidly  from  cnttings,  bat 

I      49  I  <?204  I  1814^  I    716  I  *^®  *^®^  ®^  raised  are  hollow-centred  ;  and  only  useful  fortirewood, 
'  '  '  '  •  Seedling  trees  furnish  a  pale  red,  strong,  straight,  and  even-grain- 

ed wood,  easily  worked  :  used  for  gun-stocks  and  furniture. 

126  *Trewia  Nudifloba.         This  is  a  large  tree,  from  40  to  60  feet  in  height,  furnishing  a 

{Euphorbiaceo}.)  white,  soft,  but  flose-grai)ied  wood. 

127  Ulmuh  Inteqrifolia.         'I'his  large  Elm  is  found  in  various  parts  of  India,  from  the  foot 

{l/lmacea.)  of  the  Himalava  to  Ceylon.     It  furnishes  a  strong  wood,  employ. 

ed  for  carts,  ioor  frames,  &c.  There  are  other  species  of  Elm 
Llmus  Campestris,  Erosa^  &c.,  growing  in  the  N.  W.  Himalaya ; 
loftv  handsome  trees,  often  planted  as  sacred  trees  by  temples. 

128  ♦ZlZYPHXJS  JUJUBA.  I'he  Jujube  or  Ber  is  a  small  thorny  tree  found  growing  all 

{iihamrutcea.)  over  India  and  Burmah,  and  is  cultivated  on  account  of  its  froit. 

I      Kfi  I  QKfti  I  iQioi  I    «79  I  '^^®  ^^  ^^^^  brown  wood  is  hard,  durable,  close  and  even-grained, 
I      oi^  I  »&»4  I  184^1  I    bi4  I  ^^^  ^^jj  adapted  for  cabinet  and  omamentel  work.     The  leaves 

are  extensively  used  to  feed  cattle  in  the  Punjab. 
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VERNACULAR  INDEX  TO  INDIAN  TREES. 


List  of  Local  Synonyms  of  the  Trees  enumerated  in  the  Preceding  List. 


be.  BengaUi.       bu. 

Burmese.       c.  Canarese. 

e.  EnglUh.       g.  Gurhical. 

h.  Hinduslani,       k.  Kunawuree, 

te.  Teloogoo,           ta.  Tamil. 

A. 

Caoutcbonc  tree, 

e.y  67  1  Gomar,  be.y 

71  I  Kaith,  7t., 

.       66 

Casuarina,  e.y    . 

.       41 

Googilam,  te.y  . . 

112 

Kaki,  e.y 

.       42 

Abju,  A., 

20 

Catechu,  e.y 

3 

Goolcr,  A., 

68 

Kala  jam,  be.,  . 

.     116 

Abnoos,  A., 

57 

Cedar,  e.y 

.       44 

Gnooshwoay,  bu. 

42     Kali  keekur,  d.^ 

2 

Aet;n, 

122 

Chandana   be,  . 

.     108 

Guava,  e.y 

100     Kamba,  A., 

40 

Aglay,  ^a., 

45 

Chandana,m,  ta. 

,      108 

Cumber,  6e.,     .. 

71 

Kanagalu,  c,    . 

.       65 

Ain^,  bu.f 

61 

Cheel,A., 

.       97 

Gurrapabadam,^^. 

,  1 1 5  i  Kanazo,  bu.y 

.       75 

Akrot,  h.  k.y 

79 

Cheer,  A., 

.       97 

Gwai  douk,  bu.y 

48  '  Kantul,  be.y 

.       15 

Am,  A  , . .         • . 

81 

Chickrassi,  be.y. 

.       45 

Gyo,  bu.y 

110    Kanyeen,  bu.. 

61,62 

Amlakiy  A., 

63 

Chittagong,  e.y . 

.       45 

Karakaia,  te.y   , 

.     121 

Amaltas,  A.,     . . 

42 

Chulta,  be.y 

.       56 

H. 

Karanj,  A., 

.       98 

Anjili,  ta.y 

14 

Chumpa,  A., 

.       84 

Kasneer,  A., 

.       67 

Aonia,  h.y 

63 

Chumpaka,  be.. 

84 

Hanee,  e.y 

101 

Katuvagi,  ta.y  . 

7 

Arjun,  7^., 

119 

Chumpakamu,  t 

e.y     84 

Honay,  c. 

102 

Kelmung,  A.,     . 

44 

Asan,  h.y 

124 

Citcoanut  palm, 

e.y    47 

Horse  radish  tree,  e 

,    89 

Kelu,  A., 

44 

Asoka,  la., 

73 

Coral  tree,  e.y    . 

.       (>4 

Htan  bn.. 

31 

Kcrwal.'A, 

.       80 

Atti,  ta.y 

68 

Coramandalum, 

ta.y  58 

Htein,  bu.y 

93 

Keekur,  A., 

.     2,6 

Ancha,  to., 

74 

Cork  tree,  e.y     . 

.       85 

Hulda,  h.y    1    . . 

121     Khair,  A., ' 

3 

Cotton  tree,  e.y . 

•       30 

Huldoo,  A., 

92     Khajoor,  A., 

.       94 

B. 

Cnddapah,  ta.y. 

.       21 

Hura,  h.y 

121 

Kheerne,  A., 

.      87 

D. 

Hurda, 

121 

Khor>mb,  A.,     . 

40 

Babool,  h.y 

2 

Hurdoo,  A., 

92 

Khonra.  be.y      . 

:  118 

Baer,  h.y 

128 

Date  palm,  e.,  . 

.       94 

Hyeebeen,  bu.y . . 

128 

Kimi,  A.,          , 

.       87 

Baheero,  h.y 

120 

Deodar,  A., 

.       61 

Kobin,  bu.y 

.     110 

Baibya,  bu.y 

50 

>f        9'i 

.       44 

I. 

Kokoh,  bu.y 

.       18 

Baklee,  h.y 

50 

Dhak  A., 

.       33 

Konda  tangeda, 

te.y  78 

Bakala,  he.. 

86 

Dhamin,  A., 

.       72 

Imlee,  A.,          .  • 

117 

Koramann,  te.y 

82 

Bamboi,  bu.y     • . 

40 

Dharanoo,  A.,    . 

.       72 

Indian  mbber  tree  < 

?.,67 

Koon,  be.y 

.     110 

Bamboo,  e.y 

19 

Dhao,  h.y 

.       60 

Ippie,  te.y 

22 

Koon  koodoo,  f«., 

109 

Ban,  k.y . .           106(a) 

Dhoon  Sirris,  e. 

,         4  ]  Iron  wood,  e.y      77,  78 

Koovai,  e.y 

.       88 

Bans,  h.y 

19 

Dhoura,  A., 

.       46' 

Koosoom,  h.y     • 

.     110 

Baaghi,  c. 

7 

J. 

Kuchnar,  A.,     . 

.       24 

Bejasal,  h.y 

102 

E. 

Kudumb,  A.,     . 

.       91 

B^t,  A.,  .. 

37 

Jack,  e.y 

16 

Kukkur,  A., 

.     107 

Bhojpntra,  k.y  . . 

27 

Ebony,  e.y 

57,69 

Jambai,  c. 

78 

Knmbala,  bUy  . 

.     118 

Billn  karra,  te.y 

46 

E^djol,     h.y 

20  i  Jamboo,  A., 

78 

Kumbhi,  te.y     . 

.       40 

Bitti,c., 

52 

Eengyeen,  bu.y  , 

.     112     Jamoon,  A., 

116 

Kumhar,  A., 

.       71 

Bjooheen,  bu.y  , . 

55 

Beta,  te.y 

.       94 

Janil,  A., 

80 

Kurroo  murdoo,  I 

^u.,123 

Blackwood,  e.y  ,. 

52 

Elm,  e,y 

.     127 

Jeapota,  A., 

105 

Kurroo  pallay,  ti 

?.,    105 

Bokain,  A, 

83 

Erool, 

.       78 

JhuDd,  A., 

99 

Kurroo  vallnm,  i 

\a.,     2 

Boomaiza,  bu.y . . 

12 

Erapattn,  ta.y  . 

.       52 

Jungli  badam,  be.y 

115 

Kursoo,  k.y 

106(c) 

Box,  c.,. .         •• 

34 

Ernvalu,  ta.y     . 

.       78 

Kurunj,  A., 

.       98 

Bakkum,  A,  be.y 

36 

Eyne,  A., 

.     124 

K. 

Kussumb,  h.y    . 

.     110 

Bar,  h.y ,,         . . 

69 

Kuthbel,  A.,      . 

.       66 

Borent,  h.y 
Barnnl,  h.y 

69 

P. 

Kada  lipna,  ta.y 

80 

Kuthul,  A., 

.       16 

16 

Kadam,  A., 

91 

Kyaitha,  bu.,    . 

.       20 

Farmdi  A.,       . 

.       64 

Kadhalsna,  c.^  • . 

14 

Kywon,  Am., 

.     118 

0. 

Kadon  kadet,  bu., 

48 

a. 

Kada  kai,  ta.y  . . 

121 

L' 

Calamander,  e.^ 

58 

Kail,  A., 

96 

Ouie,  e.,          •  • 

87 

Gandaga,  c,    . 

.     108 

Kaim,  A., 

98 

Lakoocha,  A.,   • 

.       16 

190 
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IskaekuBDtL,  ti 

r.,      16 

Pants,  A.,          •  • 

125 

Saj,       . .         • 

.     118 

Thitsi,  bu.. 

82 

Leanr,  g.. 

.       51 

Panu  peepnl.  A., 

125 

Sal,  A.,  •  a          . 

.     112 

Thonnben,  bu,,,» 

14 

Leem,  k,, 

.       % 

Pashi,  te.. 

49 

Sampangi,  c,    • 

.       84 

Thonra,  k.. 

50 

Paanjireh,  A.,    . . 

64 

Sandal,  e.. 

.     108 

Thrinamaram,  f  a., 

26 

M. 

Pawoon.  &w.. 

35 

Sandun,  h.. 

.       53 

Tileagnrjun,  be.. 

62 

Pedda  kalinga.. 

56 

Sankhoo,  A., 

.     112 

Toon,^  A,  to  ,  .. 

43 

Maah«  ta , 

.       81 

Pedda  mana,  te.. 

10 

Sappan,  e.. 

.       36 

Toona,  A,  A., 

43 

Mahwah,  A., 

.       22 

Peema,  bu^ 

80 

Sarala  deradara. 

te,   2« 

Toot,  A., 

90 

Maljan,  A., 

.       2,3 

Peepal,  A., 

70 

Satin  wood,  e.,  . 

.       46 

X  \JH^   ^^f    •  ■                  •  • 

95 

Matnari,  te , 

.       81 

Pifcnarec.  ta.,  .. 

115 

Seesoo,  A , 

.       54 

Toukyan,  bu.,   ., 

119 

Manjfo, « , 

.       81 

Peenjradoo,  6w., 

78 

Sect,  be,. 

4 

Tounbein,  bh,,  , , 

17 

Manja  kadamba, 
Mashnay,  bu,,   . 

to.,  92 

Pern  iiiaram,  to.. 

10 

„     bu., 

.   11,8 

Trincomallee,  be.. 

26 

.       29 

Pethan,  bv.. 

29 

Seevnm,  A, 

.       71 

Tuki,  f<r. 

67 

Mavena,  e , 

.       81 

Phulahi,  h.. 

G 

Seniul.  h,, 

.       30 

Tumal,  A., 

60 

Mavdi,  te., 

.       68 

I'huldoo,  A., 

93 

Sha,  6u., 

3 

Tumbali,  to.,     ., 

59 

Klohe  ka  jhar,  h 

.,      2.3 

Pilla,  to.. 

15 

Shami  be.. 

.       99 

Tumida, /<?., 

69 

Molirn,  k.. 

lOG(O) 

Pindrow,  A., 

^5 

Shecshara,  A.,    . 

.       54 

Turka  ve  pa,  te., 

83 

Moriada,  g,, 

\Kf 

Pinnay,  tu.,    38,  39,  55 

Sbeinmaram,  to. 

,      114 

Moolsaree., 

.       &i 

Popada,  te,. 

80 

ShuniKhad.,  A.,  . 

.       34 

u. 

Mull>erry,  e,    . 
Maliiari,  A , 

.       90 
.       86 

Pwjli,  fa., 

Poon,  «.,      38,  55 

117 
,115 

Shwet  8ftl,  be.,  . 
SiahToot,  A.,    . 

52 

.       90 

Ura,  ta.. 

66 

Muluvengajr,  to. 

,        32 

„  (red)  e.,     .. 

39 

Sirris,  e.,h.^ 

7 

V. 

Mangal,  to., 

.       19 

Ponna,  r/?.,        ..38,39 

Sissoo,  e.  A,  te.. 

..     54 

Muttee,  c, 

.     122 

Porasa,  ta.. 

33 

Soap  not  tree,  e. 

,     109 

Vacbi,  c, 

7 

Pores h  be.. 

125 

Soiini<la,  te.. 

.     114 

Vainga,  ta., 

102 

N. 

Portia,  e., 

1 25 

Sohiijna,  A.. 

.       89 

Vafjum,  to.. 

18 

Pouk,  6i/., 

liS 

Soondree,  be.,    . 

.       75 

Varnish  tree,  e.. 

82 

Kagee,  6u., 

.     104 

PdaKama,  te,,  .. 

33 

Suflfri  am,  A.,    . 

.      KX) 

Vellaga,  f<?, 

66 

Karel,  A., 

.       47 

Pala«8,  /i., 

33 

Sulla,  g.. 

.       97 

Vella  kadumba,  to. 

,91 

Karikel,  be., 

47 

Pandaloo,  A.,    . . 

126 

Sundul.  A., 

.      108 

Vellam,  to., 

66 

Karyeppa,  te ,  . 

.       74 

Pungra.  A., 

64 

Surra  konnay,  tc 

r.,     42 

Vellay  naga.  ta,, 

60 

Kawel,  to., 

.     116 

Puttanga,  to.,  . . 

86 

Veluelam,  fc,  .. 

6 

Ne€in,  A.,         • 

.       18 

Puvandi,  ta.,    , , 

109 

T. 

Vepa,  te.. 

18 

Nellikai,to.,    . 

.       68 

Pavamaram,  ta., 

110 

Vummai,  to.,    . . 

46 

NoUa  tooma,  te. 

,         2 

Pyen  kado,  bu., 

78 

Tai  maram,  to.. 

67 

Vnmmaram,  f«.. 

46 

Pyen  mah,  bu.,  , . 

80 

Tamarind,  e.,    • 

.     117 

0. 

R. 

1 

Ta-nyen,  bu.,    . 
Teak,  e., 

.       77 
.     118 

w. 

Oak,  c, 

.     106 

Rai   A 

1 

9 

103 

109 

114 

Teingyet,  bu.,  . 

.       36 

Walnut, «., 

79 

P. 

Padouk,  bu.,     . 

.     101 

Kanjana,  A., 
Red  sandal,  e., . . 
Keeta  ka  jhar,  A., 
Rohun   hfi 

Teka,  te , 
Telia  tuma,  te., 
Tendoo,  A., 
Tenkaia,  te.,     , 

.     118 

5 

.60,59 

.       47 

VVodale,  fa.,      .. 
Wood  apple,  e., 
Wood  oil  tree,  «.,  61 

8 

66 
,62 

Padrie,  fa., 
Faira,  be,. 
Faille,  to., 
Pala,  to., 

.       28 
.     100 
.       40 

.       87 

Kooboona,  A.,   . . 
Rakto  chandan,  A. 

[9. 

114 

,  be.t 

108 

Thabyoo,  bu.,   . 
Tharra,  te., 
Thayat,  bu., 
Thee-ya,  bu.,     , 

.       66 
.  72(A) 
.       81 
.     Ill 

Y. 

Yeenga,  bu., 
Yendike,  6i/.,    .. 

66 
62 

Palava,  to., 

.       88 

s. 

Thembakamaka 

,6i/.,18 

Yetaga,  c. 

98 

Palmyra,  f., 

.       81 

Therapee,  bu.,  . 

.  38, 39 

Yimma,  bu.,      ,. 

45 

Panasa,  te., 

.       15 

Sadachoo,  to.,  . . 

72 

Thcvus, 

.       53 

Yot)ng,  bu.. 

49 

Paneah,  bu.,     . 
Paphri,  A., 

.     120 

SAgoon, . . 

118 

Thingan,  bv.,    . 

.       76 

Ywnigyee,  bu.,  .. 

9 

.       98 

Sain,  A., 

124 

Thitkado,  bu.,  . 

.       43 

Zinbuin,  ^w.,     . . 

66 

CHAPTER    VI. 
METALS. 

153.  The  metals  used  in  building  are: — Iron  lead, copper,  and  zinc, 
and  some  of  their  alloys.  The  purposes  for  which  thej  are  employed  are 
for  the  making  of  nails,  screws,  bolts,  straps,  ties,  beams,  girders,  pillars, 
pipes,  gutters,  and  the  covering  of  roofs.  The  metals  just  enumerated  are 
not  found  to  any  great  extent  in  a  pure  metallic  condition,  but  are  met 
with  in  combination  with  oxygen,  forming  oxides  ;  sulphur,  as  sulphides ; 
and  with  carbonic  acid,  as  carbonates.  The  term  ore  is  given  to  these 
natural  compounds  of  the  metals.  Geologically  speaking,  these  ores  are 
generally  found  amongst  the  older  rocks,  the  mica  schists  and  clay  slates, 
or  even  in  the  granite.  Iron  is  the  largest  exception  to  this,  as  it  is  ob- 
tained also  from  the  carboniferous  formation,  and  sometimes  in  large 
quantities  from  still  more  recent  strata. 

The  metallic  ores  occur  in  these  natural  beds  or  strata  in  detached 
masses,  technically  called  lodes  or  veins.  These  appear  to  have  been  forced 
into  the  beds  when  they  were  in  a  fluid  state  and  under  powerful  pressure, 
and  subsequent  to  the  formation  of  the  beds  themselves.  To  reach  these 
veins  of  ore,  great  expense  is  incurred  in  the  sinking  of  mtneSy  along  with 
their  attending  passages^  levels^  aditSy  &c.  The  result  of  the  mining  oper- 
ation is  to  bring  to  the  surface  the  ore  more  or  less  mixed  with  earthy 
matter.  To  separate  this  earthy  matter,  the  ore  is  dressed.  This  process 
consists  in  first  picking  out  by  the  hand  all  the  pure  ore ;  what  is  rejected 
in  the  course  of  the  picking  is  then  subjected  to  stamping  or  crushing  in 
mills  ;  after  which  it  is  washed  in  a  stream  of  water,  the  object  of  which 
is  to  separate  the  earthy  matter,  which  being  very  much  lighter  than  the 
ore  is  carried  away  by  the  stream,  while  the  ore  itself  being  much  heavier, 
is  hardly  moved  out  of  its  place. 

It  should  be  noticed,  however,  that  iron  ores,  inasmuch  at  they  occur  in 
beds  or  strata  by  themselves,  can  usually  be  separated  sufficiently  pure  by 
the  miner,  and  therefore  but  seldom  need  the  subsequent  operation  of 
dressing. 
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To  obtain  the  metal  from  the  ore,  it  must  undergo  botii  the  pr 
of  roasting  and  smelting.  The  first  of  these  operations  has  for  its 
the  roasting  or  burning  out  of  the  sulphur  or  carbonic  add  or 
which  are  combined  with  the  metal  in  the  ore,  and  the  operstio 
renders  the  mass  more  porous,  and  therefore  more  fitted  for  the  suo 
carrying  on  of  the  next  process  of  smelting.  In  this  last  named  p 
the  ore  is  mixed  with  an  appropriate  flux  or  reducing  agent,  the  coi 
ents  of  wliich  having  a  great  tendency  to  combine  with  the  oxyj 
silica  of  the  ore,  form  compounds  with  these,  while  the  metal  is 
same  time  set  free.  The  operation  being  carried  on  under  an  intense 
the  fusion  of  the  metal  takes  place,  and  that  along  with  the  great  n 
of  the  metal  itself,  generally  secures  its  thorough  separation  ftoi 
other  foreign  substances  combined  with  it  in  the  ore. 

The  metal  is  now  subjected  to  refiningy  which  in  the  main  consist 
modified  repetition  of  the  smelting  process,  combined  with  certain  m 
nical  operations. 

154.  Iron,— TTas  the  most  extensire  application  of  all  the  m 
The  chemical  forms  of  its  ores  are  either  an  oxide  or  carbonate.  M 
the  British  ores  contain  from  25  up  to  60  per  cent,  of  the  metal;  if 
contained  much  less  than  25  per  cent.,  their  working  would  not  be  p 
able. 

155.  Cast  Iron. — In  England  the  ores  are  generally  interstra 
with  the  coal  necessary  for  their  reduction,  and  in  close  proximity  U 
mountain  limestone  used  as  a  6ux :  but  in  countries  where  the  fuel 
limestone  are  not  in  the  vicinity  of  the  iron  ore,  the  manufacture  o 
iron  cannot  be  carried  on  in  a  profitable  manner.  To  obtain  the  i 
from  its  ores,  these  are  subjected  to  the  two  processes  of  roasting 
smelting  already  generally  described.  The  smelting  of  an  iron  ore  is 
ducted  in  a  large  upright  furnace,  fitted  to  give  a  very  high  tempera 
and  to  permit  of  the  furnace  being  worked  continuously.  The  maU 
employed  are  the  ore,  fuel,  and  flux,  along  with  a  full  supply  ol 
Charcoal  is  the  best  fuel,  and  then  coke :  and  these  can  be  used  w: 
"  cold  blast "  of  air  in  the  smelting  furnace.  The  choice  of  flux  def 
on  the  nature  of  the  ore.  For  argillaceous  ores,  lime  is  required,  bi 
calcareous  ores  clay  is  added.  When  coal  is  the  fuel  employed,  the  i 
forced  into  the  furnace  in  a  heated  state,  constituting  the  hot  blast. 

Smelting, — The  changes  which  ensue  in  the  furnace  are  shortly  thes 
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TIm  oxygen  of  the  hot  blast  meeting,  the  fuel,  combines  with  its  carbon, 

f^nng  oat  an  intense  heat.     The  carbonic  acid  which  results,  coming  in 

ttntact  with  the  heated  combustible  matter  above,  is  converted  into  car- 

houeonde;  where  this  takes  place,  the  furnace  is  comparatively  cool. 

Tie  escape  of  a  lai-ge  quantity  of  this  gas  along  with  some  hydrogen,  and 

wrinnated  hydrogen,  also  obtained  by  the  action  of  the  heat  on  the  fuel, 

cmilitateB  a  serious  waste  in  the  process.     The  iron  when  set  free  from 

Asottier  matters  of  the  ore,  combines  with  about  four  or  five  per  cent. 

et  CMboD,  thus  forming  the  fusible  compound  known  as  Cast-Iran,    This 

■ixftoro  with  carbon  must  take  place,  for,  if  it  remained  pure,  the  iron 

vooU  not  fuse,  and  thus  would  not  separate  from  the  slag  or  fused  mixture 

fif  tiM  lime  used  in  the  process  along  with  the  silica  and  clay  of  the  ore. 

Pig-Irtm.  When  a  sufficiency  of  cast-iron  has  accumulated  in  the  fur- 
Bioe^  it  is  tapped ;  the  molten  metal  runs  out,  and  is  received  in  long 
iti^ght  gutters  made  in  sand  which  have  numerous  side-branches.  This 
anangement  is  called  the  sow  and  her  pigs,  and  hence  the  name  the  iron 
lot  nottTes  of  pig-iron.  The  iron  is  now  in  a  condition  quite  suitable  for 
aUtteporposes  of  casting  in  either  light  or  heavy  work. 

U&  QfuUity,  The  best  indications  of  the  quality  of  cast-iron  are  the 
^)  ind  texture  of  a  recent  fracture.  A  high  temperature  and  a  large 
qumtitj  of  fuel  produce  grey  cast-iron^  of  different  shades  of  bluish-grey 
neolor,  granular  in  texture,  softer  and  more  easily  fusible  than  white  cast- 
inn:  it  prodnces  therefore  the  finest  and  most  accurate  castings,  but  is 
ttopaiatively  deficient  in  hardness  and  strength  :  for  large  structures  bear- 
iBg  loftds  in  motion,  it  is  however  safer  to  use  the  grey  than  the  more  brit- 
b  wMte  cast-iron.  A  low  temperature  and  deficiency  of  fuel  produce 
•tecoif-tron :  which  is  silvery  white,  either  granular  or  crystalline,  exces- 
nvdj  hard  but  brittle,  and  comparatively  difficult  to  melt :  the  extreme 
bittleness  of  the  crystalline  white  cast-iron  renders  it  unfit  for  use  in 
ISngineering  structures :  this  variety  therefore  is  generally  used  for  con- 
Ternon  into  wronght-iron.  The  quality  of  a  sample  may  be  tested  by 
Man^  a  smart  blow  with  a  sledge  hammer  on  its  edge  :  if  it  breaks,  it 
u&ktes  brittleness  ;  if  it  produces  a  slight  indentation  without  fracture,  it 
*™t8  that  the  iron  is  slightly  malleable,  and  therefore  of  good  quality. 
^ihe  fractured  surface  is  mottled,  either  with  patches  of  darker  or  lighter 
""^  or  with  crystalline  patches,  the  casting  will  be  unsafe ;  and  it  will  be 
^"^OTB  unsafe  if  it  contains  air  bubbles. 

y€>X,  I. — THIRD    EDITION.  2  C 
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Catting.  Hie  great  kdranUge  of  Mst-iron  ie  the  fttdlity  with  which  it 
cut  be  ran  into  any  form.  For  this  pnrpoM,  it  is  re-melted  with  chkrcoal 
or  coke,  nnder  •  blast,  in  a  cupula  furnace  {see  Plate  XX.,)  and  nm  into 
monlda  of  sand  or  lo«ni.  It  shonld  always  be  allowed  to  cool  nndisturited, 
for  if  exposed,  rapid  irregnlar  cooling  injures  the  quality  of  the  iron  and  - 
the  bomogeneonsness  of  the  casting.  Cast-iron  contrects  abont  one  per 
cent,  in  cooling.  Its  strength  raries  as  its  density,  which  depends  on  the 
temperature  of  the  metal  when  drawn  from  the  fomace,  the  rate  and  uni- 
formity of  cooling,  ibe  head  of  metal  nnder  which  the  casUng  is  made, 
and  its  bulk.  Large  castings  are  porporUonately  weaker  than  small  ones, 
^ey  are  more  likely  to  be  honeycombed*  in  the  interior,  and  shonld  not 
be  d^Mnded  upon  to  the  same  extent  as  small  castings.  The  strength  of 
catt-iron  to  resist  both  cross  strains  and  crDshing  is  increased  by  repealed 
meltingt  (up  to  the  twelfth).  For  large  castings  a  mixture  shoald  be 
made  of  certun  proportions  of  different  qualities  of  iron.  Temperatnre 
affects  cast-iron  very  much,  great  cold  making  it  rery  brittle. 

167.  Memo,  nn  the  cost  of  making  castings  at  the  Canal  Fonndij, 
Boorkee.  The  character  of  the  castings  made  at  Roorkee  is  tbtj  rariona  j 
the  weight  being  from  ^  chittack  to  60  mannds,  and  the  moulding  is  in  green 
sand,  dry  sand  and  loam ;  the  average  prime  cost  daring  one  year  was  as 
follows ;— 
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The  fuel  used  is  charcoal,  and  the  charge  is  4  msunds  of  charcoal  to  S 
maunda  of  iron  ;  the  iron  charged  is  composed  of  Ho.  1  Gaitfiberrie  pig, 
broken  railway  chairs,  ordnance,  Kentledge  and  scrap,  in  different  propor- 
tions to  suit  the  natnre  of  the  work. 
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158.  Wrouqht-Lion.  To  convert  cast  into  wrought  or  malleable  iron 
it  is  necessary  to  remoye  the  carbon,  and  if  possible  the  sulphur  and 
phosphorus  with  which  to  a  greater  or  smaller  extent  nearly  all  brands  of 
cast-iron  are  contaminated.  Oxygen  is  the  agent  used  for  removing  the 
carbon ;  but  to  eliminate  the  sulphur  and  phosphorus,  silicon  and  chemical 
substances  (usually  including  chlorine,  bromine,  or  iodine)  are  introduced 
in  the  furnace,  and  are  known  to  the  puddlers  as  ''physic.*'  The  process 
hitherto  most  ordinarily  adopted  is  the  following  : — 

It  is  commenced  by  re-melting  twenty-five  or  thirty  hundred  weight 
of  pig-iron  at  a  time  in  a  kind  of  forge,  called  a  finery,  where  the  iron 
is  partially  carbonized  by  the  action  of  a  blast  of  air  forced  over  its  snrface 
by  a  blowing  engine.  The  carbon  having  a  greater  affinity  for  the  oxygen 
than  for  the  iron,  combines  with  it  and  passes  off  as  carbonic  acid.  Silica 
also  separates  as  a  slag  in  combination  with  more  iron.  After  this,  the 
refined  pig-iron  is  subjected  to  a  second  fusion  in  the  puddling  or  rever^ 
berating  furnace,  where  the  burning  fuel  is  separated  by  a  partition  from 
the  hearth  (in  which  the  metal  is  placed  and  melted)  the  flame  only  is  con- 
ducted over  the  surface  of  the  metal,  while  the  puddler  by  means  of  a  rake 
or  rabble  agitates  the  metal  so  as  to  expose  the  whole  of  the  charge  to  the 
action  of  the  oxygen  passing  over  it  from  the  fire;  at  intervals  throwing 
in  oxide  of  iron,  salt,  or  other  ''physic"  to  form  a  fluid  slag  of  the  im« 
purities.  The  oxygen  of  the  oxide  bums  off  the  remainder  of  the  carbon, 
and  the  silicon  gets  oxidised,  also  combining  with  another  portion  of  the 
metallic  oxide  to  form  another  slag ;  to  separate  which,  the  iron  ("  totqf  " 
or  "  bloom  "  as  it  is  sometimes  called)  in  the  form  of  balls,  is  taken  out 
and  beaten  under  a  heavy  hammer,  to  be  "  shingled, ''  that  is  to  have  the 
cinder  forced  out,  and  the  particles  of  iron  welded  together  by  blows  or 
pressure :  and  this  is  repeated  several  times  until  the  iron  is  quite  pure. 
During  the  processes  of  refining  and  puddling,  the  cast-iron  loses  twenty 
to  forty  per  cent,  of  its  weight. 

The  bloom  after  shingling  is  passed  between  rollers  and  rolled  into  a 
bar;  the  bar  is  cut  into  short  lengths,  which  are  faggotted  together,  re- 
heated and  rolled  again  into  one  bar;  and  this  process  is  repeated  till  the 
iron  has  become  sufficiently  compact  and  has  acquired  a  fibrous  structure. 

Although  this  process  of  first  making  Cast-iron,  and  then  unmaking 
it,  is  the  most  economical  and  generally  applicable.  Wrought* Iron  may 
be  made  at  once  from  the  ore  by  combining  the  processes  of  smelting  and 
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puddling ;  and  iron  is  so  made  in  Americay  in  France,  and  in  this  com 
it  is  always  a  wastefal  process,  however,  as  there  is  much  fiiel  as  wc 
iron,  lost. 

169.  From  the  ordinary  process  ahoye  described  the  refining  is  sc 
times  omitted,  and  the  iron  is  pnrified  with  greater  rapidity  and  econom 
the  boiling  process,  which  consists  of  the  introduction  of  a  small  quai 
of  steam  (at  about  5  lbs.  pressure  per  square  inch)  into  the  molten  a 
as  soon  as  it  is  fuzed  in  the  puddling  furnace.  The  oxygen  of  the  st 
carries  off  the  carbon,  while  the  hydrogen  unites  with  the  sulphur,  pi 
phorus,  arsenic,  &c.,  and  moreover  the  steam,  introduced  through  p 
to  the  bottom  of  the  furnace,  agitates  the  iron,  and  causes  exposure  of  fi 
surfaces  to  the  oxygen  passing  through  the  furnace.  After  5  or  8  min 
boiling,  the  operation  of  puddling  is  completed  in  the  ordinary  way  y 
the  rabble. 

Bessemer  Process.  Another  process,  now  a  good  deal  in  use  in  6 
Britain,  for  the  conversion  of  cast  into  wrought-iron,  is  Bessemer'e  pnx 
This  method  consists  in  injecting  into  the  cast-iron,  while  still  in  a  mc 
condition,  a  blast  of  air  in  a  separate  cupola,  the  object  being  to  bom 
the  carbon  and  silicon  from  the  iron ;  the  admission  of  the  cold  air  b 
attendent  with  a  brisk  ebullition  among  the  molten  cast-iron,  doe  to 
carbon  particles  being  burnt  by  the  oxygen  of  the  blast.  When  the 
is  run  from  the  cupola  after  this  process,  it  is  found  to  be  wonderl 
pure  and  already  fit  for  most  of  the  purposes  of  malleable  iron. 

Babbling,  Hand  rabbling  is  probably  the  most  laborious  and  exha 
ing  labor  in  which  human  beings  are  ever  employed,  and  the  effort 
many  inventors  have  been  devoted  to  dispensing  with  or  lessening  the  1 
of  the  puddler.  The  most  recent  chemical  inventions  have  come  from 
United  States :  the  "  Sherman  "  process  introducing  iodine  as  a  "  phy 
into  the  puddling  furnace ;  while  the  "  Henderson"  process  employ  fluoi 
with  the  intention  of  effecting  all  the  work  usually  done  in  that  fur 
by  chemical  instead  of  mechanical  agency,  and  dispensing  totally  or  n 
ly  so  with  the  rabble.  Many  mechanical  contrivances  also  hare  1 
tried  to  aid  the  puddler :  either  rotary  furnaces,  such  as  '*  Danks,^  oi 
cillating  or  revolving  rabbles  worked  by  machinery.  Id.  Darmotf*e  ro 
rabble  has  been  tried  recently  in  England  with  great  success :  the  op 
tion  being  rapid  and  so  easy  as  to  be  conducted  by  the  inventor  him 
while  the  yield  of  iron  was  large  and  good.    The  apparatus  is  very  simpi 
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wunKm  belt|  driren  from  shafting  about  C  feet  above  the  farnace,  rotates 

%iheaTe,  which  is  loosely  jointed  at  one  end  to  the  paddling  rabble,  and 

Idt  Ihe  other  tnms  on  a  pin  held  in  the  hand  of  the  puddler.     The  strap 

nUtet  the  rabbloy  supports  part  of  its  weight  like  a  suspension  link,  and 

•diatin  uniyersal  joint.     Its  real  speed,  (yarjiug  from  200  to  1000  re- 

fdniions  per  minute)  is  found  to  give  it  all  the  mechanical  energy  required. 

UO.    Quality,     Wrought-iron  may  (like  cast-iron)  be  judged  of,  as 

k  q^ty,  by  the  surface  of  a  recent  fracture.     It  should  have  a  clear 

Huk-grey  color,  with  a  high  silky  lustre,  and  a  fibrous  appearance ;  when 

On  texture  is  either  laminated  or  crystalline,  the  metal  is  defective.*     It 

ii  totigh,  malleable,  and  ductile.     At  a  white  heat,  it  becomes  soft  enough 

to  take  any  shape  under  the  hammer,  and  admits  readily  of  being  welded^ 

it, the  thorough  union  of  two  pieces.     In  this  operation,  it  is  necessary 

Ikit  euh  surface  of  contact  should  be  free  from  oxide  (rust)  ;  to  make 

■neof  this,  it  is  usual  for  the  smith  to  shake  a  little  sand  and  dust  over 

&  lorfflces  to  be  joined ;  the  earthy  matter  forms  a  very  fusible  com- 

ponid  with  any  rust  that  may  be  present,  and  is  easily  expressed  by  the 

kanmeriDg. 

16L   The  principal  forms  in  which  wrought-iron  is  prepared  for  gene- 

nlpuposes  are  :— 

Bar-iwrL — Long  pieces  of  rectangular  section,  generally  square,  distin- 

gnahed  according  to  dimensions  of  section,  as  1-inch  bar,  2-inch,  2^-inch, 
Ac 

^od-hxm, — Which  is  in  long  cylindrical  pieces,  the  different  sizes  of 
Wnidi  are  similarly  specified,  as  ^-inch  rod,  1^-inch,  &c. 

Qe  above  forms  are  given  by  angular  or  semi-circular  indentations  on 

^peripheries  of  the  rollers  between  which  the  metal  is  passed.     The 

""fefent  descriptions  of  iron  tcire  might  be  considered  so  many  smaller 

**^  of  rod-iron,  but  they  differ  from  it  in  the  method  in  which  they  are 

'^^■de— wire  being  drawn  through  circular  holes  in  a  strong  metal  plate, 

^^  roUid  as  rod-iron.     Various  forms  other  than  the  rectangular  and 

9yli&drical  may  be  given  to  bars  of  iron  by  the  same  means,  that  is  by 

having  the  desired  form  of  section  cut  in  the  peripheries  of  the  rollers  ;  in 

^  manner  is  made  what  is  called  X  ^^^  H  ^^^^  (}^  cross  section  resem- 

bUng  those  letters).  Angle-iron,  like  the  letter  L,  also  different  forms  of 

*  An  exception  to  this  is  the  famous  Low  Moor  Iron,  which  is  grannlar,  never  fibrous,  and  is  yet 
^ttnof,  and  indeed  is  often  selected  bj  Engineers  on  account  of  iu  kcown  blrengtb,  fur  girders, 
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railway  bar-iron,  &c.  To  obtain  pieces  of  large  cross  section^  it  is  ol 
necessary  to  weld  together  two  or  more  smaller  bars,  which  prooea 
called  faggoting. 

Sheet  and  Hoop-  iron  are  made  by  rolling  between  smooth  cyliDden. 
A  very  aseful  form  of  sheet-iron,  which  should  be  noticed,  is  tbal 
corrugated  iron,  which  is  produced  by  passing  the  sheets  between  loU 
Laving  grooved  peripheries.  By  this  form,  the  strength  or  stiffiiaH 
the  shetit  is  so  mnch  increased,  that  sheet  iron  thus  formed  may  be  oseial 
applied  to  a  great  variety  of  purposes,  for  which  it  is  otherwise,  owii^ 
its  thinness  and  pliability,  utterly  inadequate. 

All  working  with  heated  iron,  or  forgework,  is  the  hlacksmiilCi  depir 
ment:  the  whitesmith  operates  on  cold  iron,  and  gives  the  finishiqfi 
work  that  has  passed  through  the  hands  of  the  blacksmith. 

162.     Exposed  to  dry  air,  iron  does  not  rust,  but  in  damp  air  it  d« 

so  rapidly,  and  in  an  increasing  degree ;  the  rust  forming  with  the  irM 

galvanic  pair  by  which  the  chemical  action  is  increased.     The  prindpl 

involved  in  this  has  been  applied  to  the  protection  of  iron  from  rutt  hj  i 

once  forming  a  galvanic  couple  in  which  the  iron  will  be  the  leoit  eleetn 

positive  element,  and  so  less  exposed  to  oxydation :  it  is  with  this  oljee 

that  iron  (especially  sheet)  is  often  covered  with  a  thin  coating  of  AM 

and  is  then  for  this  reason,  called  galvanized  iron.     A  like  resnlt  may  b 

obtained  by  attaching  lumps  of  zinc  to  exposed  iron  work.     It  should  b 

remembered  that  the  iron  is  preserved  at  the  expense  of  the  zinc,  which  i 

gradually  decomposed.     In  a  similar  manner  copper  may  be  protected  b 

zinc,  tin,  or  iron.     This  action  may  he  noticed  in  iron  railings  which  a' 

secured  with  lead,  the  iron  quickly  corroding  in  consequence.     To  obvis 

this,  railings  may  be  fixed  in  stone  by  filling  the  sockets  with  a  melt 

mixuro  of  iron  filings  and  sulphur.     Coal  tar  laid  on  hot,  is  one  of  t 

best  surface  protections  of  iron.     Wrought-iron  resists  the  action  of  0 

water  better  than  cast-iron,  the  latter  being  gradually  softened  and  oc 

verted  into  plumbago  by  its  action. 

163.  SteeL'Steel  is  a  compound  of  iron  with  from  0*5  to  1*5  | 
cent,  of  its  weight  of  carbon,  thus  containing  less  carbon  than  cast-iro 
it  is  generally  made  by  incorporating  the  carbon  with  the  iron  in  its  mal 
able  condition.  The  best  qualities  of  steel  are  produced  in  this  way,  1 
there  is  a  kind  known  as  natural  steely  which  is  produced  directly  fn 
cast-iron  by  burning  out  some  of  the  carbon,  which  it  contains.    9 
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y  howerer,  ii  inferior,  and  it  can  only  be  applied  to  yery  common 
(mpoMB. 

Blitter  Sted. — For  the  superior  qnalities,  the  malleable  iron  mnst  be 

•Qli)eeted  to  the  process  of  cementation,  which  is  carried  on  as  follows : — 

QiMQt  powder  is  prepared  by  mixing  ground  charcoal  with  about  one- 

talli  its  weight  of  wood  ashes  and  common  salt,  and  this  powder  is  spread 

tttte  bottom  of  a  fire-clay  box,  and  over  it  are  arranged  a  layer  of  iron 

Rdi.   A  second  layer  of  cement  powder  is  now  added,  and  a  second  layer 

ifinm  rods  put  in;  and  so  on,  until  the  box  is  filled  and  tightly  packed. 

Us  box  is  now  subjected  to  a  full  red  heat  for  about  six  or  eight  days, 

JDiBg  which  time  one  of  the  rods  is  taken  out  from  time  to  time  and 

a^ected.     At  the  end  of  the  process,  the  carbon  is  found  to  have  slowly 

(OHtrated  the  bars,  even  to  the  very  centre.     The  surface  of  the  bars  is 

MtRy  covered  over  with  blebs  or  blietera,  which  are  produced  by  the 

irabtion  in  the  course  of  the  operation  of  the  vapour  of  bi-sulphide  of 

oriwo.    Steel  thus  made  is  consequently  termed  blister  steeL 

Cut-SUd. — To  render  it  perfectly  uniform  the  blinter  steel  is  now  fused 
ttd  CMt,  with  a  small  additional  quantity  of  carbon  and  some  manganese ; 
tUl  it  termed  cast  steel  and  is  the  purest,  most  uniform  and  strongest 
fcm,  md  is  used  for  the  finest  cutting  implements,  but  is  unsuited  for 
fcUing. 

Sker  steel  is  blister  steel  cut  up,  piled  and  welded  under  the  tilt 
knuner,  the  piling  answered  the  same  purpose  as  fusion,  but  less  perfectly 
B  producing  homogenity  of  structure.  This  process  restores  the  fibrous 
clttneter.  8hear  steel  is  close,  hard,  and  elastic :  and  is  used  for  various 
tooli  and  cutting  implements. 

Attemer  Steel.^^The  Bessemer  process  is  also  used  for  making  steel.  Jets 
<^tir  ire  forced  through  molten  pig-iron,  and  the  blowing  is  either  stopped 
It  la  instant,  determined  by  experience,  when  it  is  known  that  there  re- 
^'^  in  the  iron  a  quantity  of  carbon  sufficient  to  make  steel  of  the  kind 
foiled,  or  else  the  blast  is  continued  until  the  carbon  is  all  removed,  so 
^t  the  vessel  is  full  of  pure  malleable  iron  in  the  melted  state,  and  carbon 
M  sdded  in  the  proper  proportion,  with  manganese  and  silicon.  The 
*^  tdiiB  prepared  is  run  into  large  ingots,  which  are  hammered  and 
""W  Ukt  blooms  of  wrought-iron. 

^M  differs  from  iron  in  its  texture,  being  more  granular ;  it  is  also 
'^  Bwily  fused,  but  the  great  difference  between  them  is  the  power  the 
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Bteel  has  of  assuming  an  extraordinary  hardness  after  it  has  nndeigoi 
tempering,  when  it  is  also  rendered  wonderfully  elastic;  these  two  profNl 
ties  of  hardness  and  elasticity  adapting  it  for  a  variety  of  purposes  for  wind 
wronght-iron  would  be  unsuitable.  Its  great  use  is  in  making  edge  todi 
These  however,  have  often  only  a  superficial  coating  of  steel,  which  is  eofr 
municated  by  case  hardening.  The  tool  is  heated  red  hot  and  sprinUri 
over  with  ferro-cyanide  of  potassium,  the  carbon  of  which  combinei  lit 
the  iron  on  the  surface  of  the  tool,  making  a  coating  of  steel. 

With  the  exception  of  the  large  and  increasing  use  of  steel  for  nihnjf 
bars,  no  great  branch  of  metallic  industry  can  yet  be  pointed  ootM 
having  passed  from  iron  over  to  steel. 

The  large  and  economical  use  of  steel  for  structural  purposes,  and  attii 
especially  for  ship  and  bridge  building,  labors  under  three  ehief  dH- 
culties  which  retard  its  progess,  viz. ;  (a),  a  certain  risk  of  want  of  m* 
formity  in  the  manufactured  material  as  delivered  to  the  builder ;  (}\  Al 
extreme  sensitiveness  of  steel  to  change  it's  physical  condition  by  ah^ 
change  of  temperature,  brought  about  unavoidably  or  accidentally  in  fta 
process  of  building  into  structure ;  (c),  the  physical  qualities  whiA  be- 
long to  steel,  necessitating  special  manipulation  and  with  spedal  took  Of 
methods,  if  we  are  to  avoid  injuring  more  or  less  its  yalnable  propertMb 
when  so  built  into  structure. 

In  time  however,  these  difficulties  will  probably  be  overcome,  and  steal 
will  be  used  in  preference  to  malleable  iron ;  admitting  of  economy  in  Dili 
and  weight  by  the  use  of  a  material  whose  tensile  strength  may  be  taken  at 
50  tons  per  square  inch. 

164.  Copper.— Copper  is  rather  too  expensive  a  metal  to  be  used  mod 
in  building.  It  is  obtained  by  a  somewhat  complex  process  of  smdting(<»^ 
rather  a  series  of  processes)  from  copper  pyrites,  a  sulphide  of  copper  aiH 
iron.  The  high  price  of  the  metal  enables  the  smelter  to  work  ores,  whieil 
do  not  contain  over  two  or  three  per  cent,  of  metal.  Copper  is  sometioia 
found  native,  but  only  in  small  quantity.  It  is  a  metal  x)f  a  peculiar  tip 
color;  when  tarnished,  it  characteristically  becomes  green,  from  hfkm 
covered  with  a  coating  of  sub-carbonate  of  copper.  It  is  a  very  mallealK 
and  a  still  more  tenacious  metal.  Sheets  and  wire  of  extreme  fineness  ctf 
be  made  of  it.  For  building,  copper  is  more  employed  in  the  form  of  9 
very  useful  alloy  with  zinc,  brass. 

165.  Zinc  or  Spelter.— This  metal  is  more  extensively  used  in  boiB 
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BglliMii  the  last^  it  is  much  cheaper  and  wonderfollj  durable.    It  is  ob- 

inwd  firom  either  of  its  ores,  the  sulphide  (zincblende) — or  the  carbonate 

(oliiimie.)  Theee  areroasted,  and  then,  after  mixture  with  coke  or  charcoal 

■ijeeted  to  a  kind  of  distillation,  by  which  the  zinc,  on  account  of  its  easy 

tditiii^y  is  sepaimted.    Though  a  brittle  metal  at  ordinary  temperatures 

kksoomM  malleable  between  200^  and  800^,  and  then  may  be  rolled  into 

Ms  or  dxawn  into  wires,  in  which  last  state,  however,  it  is  hardly  used 

iftaH    It  is  used  for  gutters,  roofing,  piping,  &o.,  it  soon  becomes  oxy- 

iad  on  the  surface,  but  the  film  of  oxide  remains  adherent,  and  thus 

I  intecis  the  rest  of  the  metal  beneath  from  further  action  of  the  air. 

:  Whfluf  er  the  air  is  apt  to  contain  acid  particles,  as  near  the  sea,  zinc  soon 

'  166.  Lead. — The  ore  of  this  metal  is  almost  always  the  sulphide 
(gikna).  After  the  dressing  of  the  ore,  it  is  ground  and  divided  into  two 
fonlities,  one  of  which  is  roasted  in  a  reverberatory  furnace  at  a  compa- 
atiieiy  low  temperature ;  by  this  it  is  changed  into  oxide  of  lead ;  the  se- 
Modqnanti^  of  ore  is  now  added,  and  the  heat  of  the  furnace  raised,  when  a 
»-SBtkm  ensues  between  the  oxide  of  lead  and  the  new  unaltered  sulphide, 
Ike  molt  of  which  is  to  produce  sulphurous  acid  and  metallic  lead,  the  for- 
BttflNapes  up  the  chimney  and  the  latter  runs  from  the  furnace  in  a  molten 
co&dition.  It  is  then  purified  by  a  second  fusion,  after  which  it  is  quite 
it  for  the  market.  For  building  purposes,  lead  is  not  now  much  em- 
ployed, excepting  in  water  fittings,  such  as  the  lining  of  cisterns  and  the 
^uioh^  of  pipes.     It  is  singular  that  for  these  very  purposes  there  is  an 

• 

^iiip<N^t  objection  to  lead ;  for  it  is  found  that  if  the  water  brought  in 

^(Ataet  with  this  metal  be  very  soft  or  pure,  it  is  apt  to  be  acted  upon, 

VMi  eren  a  poisonous  amount  of  lead  may  thus  get  mixed  with  the  water* 

Cniaia  salts  existing  in  many  natural  waters,  prevent  this  action  altoge- 

^;  such  salts  are  the  carbonates  and  sulphates,  and  especially  car- 

^lODAte  and  sulphate  of  lime,  and  these  are  very  common  in  most  spring 

**^,  in  sufficiently  large  amount  to  prove  a  perfect  protection  from  the 

*^»    Waters  from  rivers  or  lakes,  in  countries  where  the  primary  rocks 

<<ieh  as  granite  or  gneiss  abound,  are  open  to  be  suspected  of  having 

^^  action  on  lead,  and  in  all  such  cases  means  should  be  taken  to 

''^^rtam  by  actual  experiment,  whether  it  would  be  safe  or  otherwise  to 

^^^  the  water  through  leaden  pipes    or  store  it  in  leaden  cisterns. 

^^<^Uy  boiled  or  distilled  water  should  never  be  put  in  leaden  vessels. 

VOL.  i.«-<rHiBi>  miTiov.  8  d 
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Sheet  lead  is  also  oooaBionally  used  as  a  covering  for  roofs  (weight  7  Km 
per  square  foot ;  flattest  slope  4*).  When  a  fresh  sarface  of  lead  is  e» 
posed  to  air  or  water,  it  becomes  coated  in  a  short  time  with  a  thin  git} 
film  of  oxide,  which  protects  the  metal  against  further  oxidation,  onhii 
there  be  present  some  acid  capable  of  dissoMng  the  oxide. 

Lead  is  a  very  soft  and  heavy  metal,  its  specific  gravity  is  11*44,  il 
(hses  at  the  temperature  of  620^.  On  account  of  its  contracting  at  tb 
moment  of  its  becoming  a  solid,  it  is  not  employed  alone  for  casting: bol 
when  used  for  type  metal,  to  4  parts  of  lead  is  added  1  part  of  animo% 
which  prevents  contraction  of  the  alloy  in  cooling. 

167.  Tin. — The  ore  of  this  metal  is  called  tin  stone,  and  is  a  bin-oxiii 
of  the  metal.  The  ore  is  treated  by  the  process  described  in  the  b^gii- 
ning  of  this  chapter.  It  is  too  expensive  a  metal  to  be  used  muck  is 
building,  besides  being  too  soft  and  too  easily  fused«  In  the  form  of  tit 
plate,  there  is  a  considerable  consumption  of  the  metal;  "tin  pUs' 
being  formed  by  immersing  well  cleansed  sheets  of  iron  in  melted  tia: 
by  which  process  the  iron  is  coated  with  a  layer  of  an  alloy  of  im 
and  tan,  which  passes  gradually  into  pure  tin  at  its  outer  surbce.  Tk 
very  slow  action  of  air  on  tin  gives  to  articles  made  of  tin-plate,  sll  ih 
strength  of  the  iron,  with  the  brightness  and  cleanliness  of  the  tin.  WA 
moderate  care,  in  a  dry  atmosphere,  the  tin  coating  remains  a  long  tint 
but  when  once  a  single  spot  is  denuded,  the  whole  surface  gives  way  ver 
speedily. 

Tin  melts  at  442^.  It  is  very  malleable,  and  when  beaten  out,  it  form 
the  useful  investing  material,  tin-foil. 

168.  Alloys.— An  alloy  is  a  compound  of  two  or  more  metsl 
Alloys  are  generally  more  fusible  and  harder  than  the  metals  which  ent< 
into  their  composition.  In  making  alloys,  the  most  infusible  met 
should  be  melted  first :  and  the  quantities  of  the  ingredients  shonld  be 
definite  atomic  proportions  to  each  other :  otherwise  the  metal  produced  w 
not  be  a  homogeneous  compound  :  but  a  mixture  of  two  or  more  differe 
compounds  in  irregular  masses,  which  being  different  in  expansibility  a 
elasticity  tend  to  separate  from  each  other. 

Gtm  metal  consists  of  nine  parts  copper  and  one  of  tin,  with  sometin 
a  little  zinc.     It  is  tough,  strong  and  hard,  and  is  used  for  pumps,  vsl? 
cylinders,  and  those  parts  of  machinery  subject  to  attrition. 
Bras8f  composed  of  three  parts  xino  and  five  or  six  of  copper,  is  u 
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inr  pihiloBopbical  ingtrnmentg,  utensils,  &c.    It  is  dactile,  tongb,  very 
itidable,  taking  a  fine  polish.     Brass  for  locks,  door  bandies,  &c.,  consists 
it  one  part  sine  and  three  of  copper.     Brass  for  turning  in  the  lathe, 
Amdd  haye  a  little  lead  in  it  besides  copper  and  zinc ;  but  lead  renders  it 
wM  for  hammering. 
BdlmeUd  consists  of  seventj-eight  parts  copper  and  twenty^ two  of  tin. 
Bronze  consists  of  copper  and  tin,  with  a  little  zinc  and  lead. 
Fmter  is  an  alloy  of  eight  parts  of  tin  to  twenty  of  lead. 
SdUering  is  the  art  of  uniting  the  edges  or  surfaces  of  metals  by  partial 
Uoo,  or  bj  the  application  of  an  alloy  called  solder^  which  is  more  fusible 
An  the  metals  to  be  united.    To  effect  this,  the  solder  must  be  of  such 
aetaii  as  will,  when  fused,  combine  readily  and  firmly  with  the  pieces  of 
Mtdto  be  united — with  each  of  them,  when  thej  are  of  different  kinds. 
I  A«  different  metals  require  different  solders  to  unite  them.     Bolder  for 
Hail  made  of  one  part  tin  and  two  parts  lead — that  for  iron,  copper  and 
km,  is  an  alloy  of  three  parts  zinc  to  four  of  copper ;  lead  alone,  or  an 
iDof  of  lead  and  tin  is  used  as  a  solder  for  lead,  &c.     The  application 
otfte  fused  solder  forms  an  alloy  at  the  surfaces  in  contact,  and  that  this 
Mj  take  place  more  effectually,  some  other  substance  is  employed  as  aJIux 
•kng  with  the  solder,  being  applied  to  the  smoothed  and  cleaned  surfaces  of 
temetals  before  soldering.     For  this  purpose  borax  is  generally  used  with 
ktti;  sal-ammoniac  or  resin  with  tin,  copper  and  iron:   spirit  of  salt 
(kjdiochloric  add)  with  zinc.    What  is  called  Fine  Solder  consists  of  two 
pirtitin  to  one  of  lead.    This  is  what  is  used  by  pewterers  and  for  tinning 
I     ttpper  Tessels,  &c.    Hard  solder  is  one  which  requires  the  metals  that 
i     m  to  be  united  preyiously  brought  to  a  red  heat,  or  eyen  almost  to  the 
point  of  fusion.    Soft  solder  is  such  as  may  be  applied  without  raising  the 
bmWIb  to  so  high  a  temperature,  such  as  solder  formed  of  lead  and  tin,  in 
^M  lead  is  in  excess.    When  sheet  metals  are  nailed,  the  nail  holes 
ihonldbecoyered  with  a  small  patch  of  solder,  which  is  called  "  dotting.*' 
169.   Indian  Metals.— /rem  is  found  in  many  parts  of  India,  in  the 
Balem  and  Beypore  districts  of  the  Madras  Presidency,  in  the  Vbyndhia 
HUlflnear  Jubbulpore,  and  the  Nerbudda  territory,  in  Jhansie  and  Gwalior, 
>lso  in  Assam  and  Burmah,  and  yarious  other  parts.     Copper  is  found  in 
^oiDaon,  Rajpootana,  &c.     Tin  in  Burmah  and  Malacca.    The  following 
^^ts  are  from  the  Indian  Catalogue  of  the  International  Exhibition  of 
*^^2,  and  from  Memoirs  of  the  Indian  Geological  Buryey, 
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iBOTH.^Beypore.—Thc  balk  of  these  ores  are  rich  magnetic  oxides,  and 
from  earthy  matter,  and  readj  for  the  blast  furnace,  contain  aboat  71 
of  iron.  They  are  found  in  mountain  passes,  and  are  obtained  by  qoarr 
crowbar.  The  quantity  is  so  large,  that  it  is  not  necessary  to  have  leconr 
gronnd  operations.  They  are  quite  free  from  sulphur,  arsenic,  and  phos] 
upon  a  large  average  have  been  found  to  yield  G8  per  cent  of  metal  i 

furnace. 

# 

170.  Salem, — ^The  iron  of  the  Salem  districts  of  the  Madras  Preaden 
magnetic  oxide  of  iron,  very  heavy  and  massive.  The  3rleld  averages  60  ] 
metallic  iron.  The  ore  is,  however,  often  mixed  with  quartz,  which  is  a  "^ 
tory  material  in  the  blast  furnace.  Limestone,  and,  in  some  places,  shell  1 
ployed  as  a  flux,  and  the  charcoal  of  some  kind  of  acacia  is  the  fuel. 

The  method  of  smelting  is  here,  as  in  other  places,  very  simple,  and  th< 
used  very  cheap.  The  iron  produced  is  of  excellent  quality,  but  the  qnaz 
small. 

The  shape  and  construction  of  the  furnaces  vary  slightly,  but  that  moe 
used  is  nearly  cylindrical,  tapering  into  an  irregular  cone  at  the  top.  Tl 
are  constructed  entirely  of  red-clay  mixed  with  sand  ;  they  constantly  leqn 
the  inside  renewed  by  fresh  linings  of  clay,  which  cannot  stand  more  thi 
four  day's  working.  The  height  of  the  furnace  varies  from  8  to  5  feet,  wit 
ter  of  the  interior  of  from  9  inches  to  1  foot  The  furnace  itself  at  the 
about  2  feet  wide,  and  tapers  sometimes  from  the  ground,  sometimes  from 
or  ith  of  the  height ;  the  walls  are  from  4  to  6  inches  thick.  The  front  < 
naces  is  for  the  most  part  nearly  vertical,  the  back  therefore  slopes  connde 
than  do  the  sides,  as  shown  in  the  annexed  figure,  giving  a  section  of  an  ir 
at  Chaindanumgalum,  in  the  Kamkul  Taliiq.  In  some  cases,  however,  the 
a  regular  cone. 

Inside  the  furnace,  the  ground  is  generally  excavated  to  the  depth  c 
foot,  to  form  a  hearth  for  the  bloom.  A  semi- circular  opening  from  1 
inches  high  is  either  ieft  in  the  front  wall,  or  is  Native  Iron  Furi 

subsequently  cut  into  it  while  the  clay  is  still  moist. 
This  is  filled  up  with  clay  before  the  commence- 
ment of  each  smelting. 

The  blast  required  for  the  smelting  is  obtained 
by  using  two  bellows,  each  made  of  a  sheep  or 
goat's  skin,  and  worked  by  hand  in  the  ordinary 
way  by  a  man  squatting  in  front  of  the  furnace. 
The  nozzles  of  the  bellows  are  made  either  of  thin 
sheet  iron,  or  tin  plate,  or  sometimes  of  bamboos,  and  these  are  inserted  i 
tuyere  entering  at  the  bottom  of  the  front  opening,  and  carefully  luted.  T 
reach  to  the  centre  of  the  furnace.  The  bottom  of  the  furnace  is  covered  w: 
of  charcoal  dust,  to  prevent  the  adhesion  of  the  bloom.  By  using  the  b 
temately,  a  tolerably  continuous  blast  is  produced. 

The  furnace  is  first  filled  to  the  top,  or  very  nearly  so,  with  charcoal 
ignited  by  means  of  a  burning  ember  passed  through  the  tuyere.  As  soon 
issue  from  above,  a  small  charge  of  the  powdered  iron  ore,  well  moistened  t 
cake  together,  is  introduced  through  the  apex  and  covered  with   chareof 
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snoocsfdre  charges  of  ore  and  fad,  nntil  the  proper  qnantitj  of  ore  is  in 
.  The  blast  is  now  strongly  applied,  and  continaed  from  two  and  a  half 
n,  according  to  the  size  of  the  fomacc.  The  process  is  then  considered 
le  semi-circnlar  aperture  in  front  of  the  furnace  is  opened,  and  the  bloom 
A  nomber  of  heavy  blows  with  a  hammer  or  mallet  are  given,  to  knock 
.  as  possible  of  the  adhering  oxide,  aiid  the  bloom  is  then  cut  half  through 
het,  and  allowed  to  cooL  The  object  of  catting  open  the  bloom  in  thia 
chibit  the  grain  to  the  purchaser. 

is  the  only  fuel  used,  but  different  values  are  attached  to  different  woods 
-pose  of  charcoal,  and  frequently  two  or  three  different  kinds  are  used 
lerela  in  the  furnace.    What  the  effect  of  this  may  be  cannot  be  clearly 
iflnz  is  used. 

lary  diarge  for  one  of  these  furnaces  is  about  18  lbs.  of  ore,  and  the  smelt- 
B  two  to  three  hours.  The  average  out-turn  is  three  blooms  in  the  12 
*  men  being  required  to  work  the  furnace  ;  but  the  furnaces  are  never 
ttinaooaly.  In  some  parts,  larger  furnaces  are  used,  and  the  charge  for 
Dg  amounts  to  35  lbs.  of  ore. 

eas  of  refining  the  metal  thus  obtained  consists  merely  in  heating  the  bloom 
ea,  and  subjecting  it  to  a  good  hanmiering,  by  which  the  slag  is  in  great 
t  rid  ol  It  is  then  hammered  into  rude  bars  about  1  foot  in  length  and 
dies  in  width.    From  these  bars  the  **  Wootz  "  or  Indian  steel  is  pre- 

hUaek, — ^An  abundance  of  this  ironstone  is  found  in  the  district  of  Sum- 
d  it  is  plentiful  in  the  Cuttack  Tributary  States  of  Talchere,  Dhenkanal, 
,  and  XJngool,  and  indeed  throughout  the  hilly  country  bordering  the  settled 
this  province  on  the  north-west.  The  whole  of  the  iron  used  for  various 
thia  division  is  supplied  from  these  local  sources.  In  Sumbulpore,  the 
is  sold  at  one  anna  per  seer,  which  is  equivalent  to  about  three-fourths 
per  F"gli»^  pound.  No  flux  is  used  ;  the  broken  ironstone  is  mixed  with 
hieh  can  be  prepared  in  any  required  quantity  on  the  spot,  and  the  mixture 
»bably  in  alternate  layers,  put  into  the  furnace, — a  kiln  in  minature  stand- 
l  feet  high,  and  made  of  clay.  The  top  is  open,  and  the  bottom  and  sides 
closed.  The  fire  is  maintained  by  an  artificial  blast,  introduced  through 
[npe  which  is  sealed  up  with  clay  after  the  insertion  of  the  nozzle  of  the 
!he  alag  escapes,  or  more  properly  is  raked  out,  through  an  aperture  made 
ad,  and  which  runs  up  into  the  centre  of  the  furnace  base.  Three  men — 
i  the  fire,  and  two  to  work  the  bellows — are  required  to  tend  each  furnace. 
«1  used  is  made  from  the  Sal  or  Shorea  rohusta.  Limestone  in  calcare- 
I  is  abundant  on  the  spot,  but  is  nowhere  used  in  smelting. 
^hahdbad, — Abundant  quarries  of  the  peroxide  and  proto-peroxide  of  iron, 
ron-pyrites,  abound  in  the  most  accessible  portions  of  the  Kymore  range, 
re  range  is  the  north-easterly  spur  of  the  Vhyndhia  range,  and  fills  all 
Qrzapore  and  Shahabad.  Most  of  the  ores  are  pecnliarly  rich  in  metal,  some 
en  yielding  70  to  75  percent,  of  pig-iron,  but  without  accessible  coal  they 
ratively  useless.  Considerable  quantities  of  iron,  and  that  some  of  the  best 
« annually  produced  in  Palomow,  Rewah,  Bidjugghur,  and  Singrowlie.  The 
the  latter  place,  in  particular,  bears  a  high  character  in  the  market,  being 
dble,  and  easily  worked,  while  English  iron,  having  originally  been  smelted 
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from  an  inferior  ore  (the  clay  ironstone)  and  with  mineral  coal,  is  almoflt 
bj  native  blacksmiths. 

The  ores  are  extremely  rich,  and  the  cost  merely  nominal,  probably  nc 
2  per  cent  upon  the  cost  of  quarrying ;  and  the  ores  being  all  above  gr 
reduce  the  cost  of  quarrying  to  a  minimum.  Charcoal,  as  osed  by  nati 
may  be  obtained  at  10  or  11  maunds  per  rupee,  say  Bs.  2}  to  3  per  ton,  i 
to  which,  of  course,  must  be  added  cost  of  carriage  to  site. 

173.  Jubbulpore. — The  Azureea  mines  are  situated  on  a  hill  oonsisi 
ore,  found  at  1|  feet  from  the  surface,  and  extending  over  an  area  of  a 
yards  square  and  30  feet  deep.  The  ore  exists  in  thin  flakes  of  a  grey  ire 
metallic  lustre.  The  nature  of  fuel  used  is  common  wood  charcoal,  and 
the  metal,  bamboo  charcoal ;  the  fuel  is  brought  from  a  distance  of  al; 
from  the  mines.  The  ore  and  charcoal  are  thrown,  in  small  quantities 
hour  into  an  earthen  furnace  five  feet  high  and  two  feet  square  ;  a  part  of 
of  the  furnace  is  filled  with  fuel  only  ;  this  being  kindled,  a  pair  of  bello?i 
to  raise  the  heat,  and  a  passage  made  at  the  side  of  the  furnace  for  the  n 
to  run  out  Four  maunds  (320  lbs.)  of  ore  and  2|  maunds  of  charcoal  ar 
in  a  furnace ;  the  fuel  is  used  in  the  proportion  of  5-8ths  or  62  per  cent 
for  smelting,  and  l-5th  more  for  refining  the  metal.  A  furnace  fornis 
maunds  (160  lbs.)  or  50  per  cent  of  the  crude  iron  from  4  maunds  of  ti 
when  forged,  yields  30  seers,  or  nearly  19  per  cent,  of  wrought-iron.  Th< 
ply  dug  out  with  pickaxes  ;  it  costs  6  pie  per  maund  for  excavating  and 
the  furnace.  The  fuel  or  charcoal  costs  Rs.  1-1-6  per  mannd  of  wrought 
entire  cost  of  the  pure  metal  obtained  amounts  to  Rs.  1-13  per  mamu 
labor  and  materials.  The  ore  is  generally  sold  at  the  works  and  conveyed 
to  different  markets.  When  brought  to  Jubbulpore,  the  nearest  marke 
annas  8  pie  per  maund,  exclusive  of  duty. 

174.  Punjab. — The  iron  ores  of  the  Punjab  are  produced  along  its  n 
mountain  frontier  as  well  as  in  the  lower  hills  of  the  Sulaimanf  and  Wi 
and  those  to  the  south-east  of  the  Bunnoo  district,  and  to  some  extent 
range.  On  the  other  side  of  the  province,  in  the  hilly  portions  of  Gnrg. 
iron  is  found,  and  although  the  hills  in  the  Delhi  district  exhibit  no  spedi 
ore  as  such,  there  is  in  them  a  ferruginous  rock  ;  and  the  Mfthrfili  hill,  ^ 
iron  ore,  is  one  of  that  group  of  outliers  that  forms  a  continuation  as  it 
Aravalli  range,  and  properly  within  the  Delhi  district 

Along  the  Himalayan  frontier,  the  principal  places  of  production  are  thi 
of  the  Simla  district  ( Jdbal,  Dh&mi,  Bishahr  and  R&mp(ir).  Again  al 
Mandi,  iron  is  largely  produced,  and  the  mines  at  Kot  Khai,  Fatihpfir,  an* 
g&l  of  Kangra  are  famous.  Pursuing  the  line  of  Hill  States,  the  iron  of 
hills  next  demands  notice,  and  the  next  division  up  to  the  Hazara  distric 
in  the  territories  of  H.  H.  the  Maharajah  of  Kashmir.  In  these  territoi 
iron  is  found  at  Rcydsi  in  Jumm(i,  while  the  iron  found  at  Sonf  and  Kut^ 
mir  proper,  is  not  so  good.  Iron  of  good  quality,  but  inferior  to  that  of 
curs  in  B(inch,  the  territory  of  Raja  MotI  Singh,  feudatory  of  Kashmir, 
once  more  to  British  territory,  we  find  iron  ore  at  Bakot  in  the  Ha: 
Next  to  this,  in  the  hills  due  north  of  Peshawur,  is  the  source  of  the  . 
which  is  of  fine  quality,  and  is  used  in  the  manufacture  of  the  gun  ban* 
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and  Jommd ;  and  not  a  little  also,  it  may  be  presnmed,  in  the  formation  of  Bteol  for 
the  blades  of  Bakhira  and  Feshawnr. 

Nowhere  within  British  territory  is  indigenous  steel  procnrable,  at  all  events  sach 
steel  as  woald  be  of  any  use  in  the  finer  classes  of  mannfactnre  ;  the  cutlery  of  Ni- 
lAmib&d  and  Gnsrit  is  exolnsively  mannfactored  with  imported  steel,  while  the 
inferior  kinds  are  not  steel  at  all  bat  merely  polished  iron. 

The  iron  ores  of  the  Himalayan  districts  are  mostly  magnetic  oxides  of  singular 
parity,  and  exist  in  a  great  measure  in  the  form  of  an  iron  sand  or  aggregate  of 
particles  of  oxide  of  iron.  These  are  no  doubt  produced  in  the  detrition  or  disinteg- 
ration of  schistose  and  micaceous  rock  containing  particles  of  metal ;  this  kind  of 
rock  or  ore  is  called  "  pathar  dhoii.  " 

In  other  places  the  ore  is  found  as  a  massive  hsmatite,  and  is  sometimes  associated 
with  copper.  In  Suket,  and  a  few  other  localities,  a  glistening  micaceous  iron  ore  or 
glistening  hnmatite  occurs,  but  the  natives  often  call  it  '*  antimony  of  Ispah&n" 
(surma  Isfah&nf).    In  one  or  two  instances  it  is  exhibited  as  a  hydrated  peroxide. 

Iron  exists  at  K^nigorum  in  the  Wazfrf  hills  ;  it  is  found  also  as  a  hsBmatite  in 
several  parts  of  the  Salt  range,  and  in  the  Chichalli  range,  on  the  other  side  of  the 
river.  In  a  few  places  near  the  same  ranges,  and  especially  associated  with  shale 
this  metal  is  found  in  the  form  of  a  sulphuret,  i.  e.,  iron  pyrites,  and  the  beds  of  the 
**  kasis  "  and  **  kahi  "  (earth  containing  anhydrous  proto-sulphate  of  iron)  are  said  to 
result  from  the  decomposition  and  oxydization  of  these  pyrites.  Hydrated  peroxide 
in  the  form  of  ochre,  is  procured  in  a  number  of  places  in  the  Pui^ab,  and  forma  the 
coloring  matter  in  the  '<  gil-i-zard,"  or  yellow  earth,  and  in  the  *'M<klt4ni  mittl" 
used  by  the  dyers. 

176.    The  following  account  has  been  received  from  the  Deputy  Commissioner 
of  Gurgaon :  *'  The  hill  from  which  the  iron  is  obtained  in  FirozpCir  is  known  gene- 
rally by  the  name  "  Jharkah,*'  and  the  iron  mines  in  it  are  called  "  b<ir&''  mines,  in 
which  by  digging  to  a  depth  of  6  feet,  pieces  of  a  red  and  slightly  glistening  hsema- 
tite  are  obtained,  called  **  b(ir&."    From  this  ore  iron  is  obtained.    In  digging  for  the 
ore,  the  miners  first  come  upon  a  quantity  of  red  earth  and  soft  stone  discolored  by 
iron,  which  is  used  to  make  roads  with  ;  below  this  the  hsematite  is  found.    The  ore 
is  first  pounded  with  stones  into  small  fragments,  and  then  taken  to  the  smelting  fur- 
nace, which  is  called  **  n&ndri.*'    This  furnace  is  of  a  round  conical  shape,  narrow  at 
the  top  and  wide  at  the  base,  and  about  9  feet  high  ;  into  it  is  put  13  maunds  of  the 
ore  (this  quantity  of  ore  is  called  a  "gan")  and  12  maunds  of  charcoal, — some  of  it 
above,  and  some  below,  the  crushed  ore.    Each  furnace  is  fitted  with  two  pairs  of 
bellows,  which  are  worked  to  supply  a  blast  of  air  to  the  fire  during  eighteen  hours 
continuously  ; — the  melted  iron  falls  to  the  bottom.    Thirteen  maunds  (=1  gsn)  of 
ore  yield  3  maunds  of  metallic  iron, — this  is  taken  out  and  repeatedly  heated  and 
hammered  till  it  becomes  pure,  when  about  1|  maunds  of  the  unmixed  metal  remain  ; 
in  thus  bringing  the  iron  to  its  pure  state  ('*  loha  pakka  "},  5  maunds  of  charcoal  are 
required  besides  the  12  consumed  in  the  smelting  furnace.     Thus  to  completely  work 
13  maunds  of  ore,  17  maunds  of  charcoal  are  required,  at  a  cost  of  Rs.  8-8,  (at  2 
maunds  per  rupee,)  the  total  cost  of  the  process  is  Bs.  10-10,  thus  : — 

R.  A.  p. 

Charcoal,  17  maunds,  ...        •••        8    8    0 

Wages  of  workmen  at  the  smelting  furnace,  0  10    0 
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Wages  of  workmen  at  the  bellows  and  those  who  hammer  ont  the 
irony    (••        •••        ••■        •••        •••        •••        •••        •••       ••#    V  Mjm    v 

Wages  of  workmen  who  work  the  metaUio  iron  by  repeatedly  heat- 

ing  iCy   flCC«y  •••  •••  •••  •••  •••  •••  ••■  •••         V     121       V 


Total  Bs.,        ...  10  10   0 


176.    The  following  are  the  kinds  of  iron  to  be  met  with  in  the  Lahoce 
2nd  class  steel, ''  asb&t/'  osed  for  coarse  cheap  cutlery  pnrposea. 

Iron,  variety  "  kh£ri, ''  used  for  agricultural  and  other  imidements. 

Iron,  variety  **  barki." 

Iron,  variety  '*  gul^ri,"  comes  from  Gwalior  in  Hindoostan ;  it  la  a  tenadoos ; 
and  used  for  wire  drawing,  gun  barrels,  &c. 

Besides  these  varieties,  the  following  kinds  are  met  with  in  the  shops  of  the  ^VAlSt!^,  ■ 
or  iron  sellers,  who  are  the  persons  who  buy  wholesale  from  the  Nanriaa  and  oikr- 
merchants  and  then  sell  by  retail  to  the  blacksmiths,  or  '*  lobars."    Of  Indian  in^Al' 
varieties  are— the  **  kh6ri,''  noted  above  ;  this  is  said  to  be  brought  from  Hindoorii^; 
it  is  an  iron  of  unpromising  appearance,  but  exhibits  on  being  forged  its  waftitt^\ 
quality  ;  it  is  much  employed  for  carpenters'  tools,  adzes,  &c,  and  ocraaigniHyiir  ;^ 
swords.    It  values  about  4  seers  per  rupee  ;  its  probable  origin  is  the  Jaiplrli^  ] 
ritory. 

**  Faulid  "  or  steel,  used  to  be  imported  from  Hindoostan  for  the  nuumfaelBii  d 
armour,  shields,  &c  ;  at  the  present  day  when  the  manufacture  of  anch  aniMr# 
not  carried  on,  the  import  has  ceased,  the  steel  used  to  be  brought  in  ''chiktb'  ] 
or  circular  disks,  about  f  of  an  inch  thick.  "  GuUri "  iron,  which  is  sold  in  jAp^wi  ] 
values  Rs.  6-12  per  mannd,  is  a  tenacious  iron  used  also  in  wire  drawing.  ThB  !■> 
ported  Indian  irons  are  brought  up  by  Naurias  to  H&tras  between  AUygnih  "vU 
Agra,  and  from  thence  taken  to  Amritsar,  which  is  the  Punjab  Mart.'*  Of  Fmjib 
iron,  the  **  bajanri,"  from  Bajaur,  north  of  Peshawar,  is  not  much  exported  to  thfl 
Central  Plain  districts,  though  it  was  formerly  for  the  purposes  of  gun  mskini* 
Bajauri  iron  is  still  largely  used  at  Kuhat  in  the  remarkable  process  of  their  goa 
barrel  making,  and  is  used  also  at  E^lab<^gh  and  other  places.  The  guns  andcodMy 
made  at  Niz&mdbad,  in  the  Gujranwala  district,  are  of  "  guleri"  iron  or  of  "  asbit" 
European  steel  is  also  employed  for  cutlery. 

Barki  iron  is  brought  down  from  Suket  and  the  Mandi  mines,  it  values  Rs.  6-19 
to  7  a  maund,  and  finds  its  way  on  backs  of  mules  and  donkeys  to  Dfnanagarwhoic^ 
it  comes  to  Amritsar  ;  it  is  probable  that  other  irons  of  the  Kangra  district  mines sf^^ 
similarly  imported  under  this  name.    Attempts  have  been  made  by  individual  trades^ 
to  bring  do>vn  the  iron  of  the  Chamba  territory,  but  the  cost  of  carriage  is  toogreitl 
render  it  profitable,  and  it  is  seldom  imported. 

The  other  irons  of  the  bazar  are  European,  and  brought  from  Bombay ;  the 
arc — 

The  '^  glaspatti,"  an  iron  sold  in  long  flat  bars  ;  it  is  used  for  making  tires  c 
wheels,  &c.     Value  Rs.  G-12  a  maund. 

"  Gol  sink,'*  thick  pieces  of  iron,  value  Rs.  7  a  niannd  ;  and  also  "  gol  kandla," 
similar  iron,  but  in  thinner  bars.     Value  lis.  8  a  maund. 
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**  Chlidar/'  or  sheet  iron,  value  at  Rs,  8  a  maand,  is  employed  in  making  "  tavaa'' 
large  iron  canldrons,  &c. 

"  Chakor  sink''  and  '*  chakor  kandla/'— are  varieties  of  iron,  imported  in  long  rods, 
16  feet  or  so,  about  8  inches  broad  and  i-inch  thick,— this  sells  at  Rs.  9  a  maund. 
When  the  rods  ai-e  thin,  it  is  called  <*  chakor  kandla,*'  and  fetches  Rs.  7  per  maund. 

These  bars  are  stamped  with  a  European  trademark  when  of  the  first  quality  ;  these 
are  the  most  approved,  and  are  called  "  sacha  chakor,"  (genuine, "  chakor/*)  and  fetch 
Rs.  9-8.  If  these  bars  are  only  the  same  in  shape  without  the  stamp,  they  fetch  Rs. 
9  and  Rs.  7,  as  above-mentioned. 

Another  variety  is  "  asb&t,**  a  hard  but  brittle  kind  of  steel,  selling  at  8^  seers  per 
rupee  ;  it  is  imported  in  bars,  and  is  used  for  tools  on  account  of  ita  hardnesa. 

A  kind  of  iron  is  sold  in  the  bazars  called  '*  f 6111,"  being  sold  in  pieces  of  a  foai- 
form  shape,  tapering  at  each  end.    This  is  probably  a  hill  iron. 

Jtanigunge, — Iron  is  also  found  in  considerable  quantities  in  the  Ranigunge  district, 
near  the  famous  coal  fields,  but  the  amount  of  sulphur  present  in  this  coal,  prevents 
its  being  satisfactorily  used  for  smelting  the  iron. 

177.  Copper. — The  fuel  used  for  smelting,  is  charcoal  made  from  the  ex- 
tensive forests  in  the  immediate  vicinity  of  the  mines  and  works  in  Landoo,  in 
Dalbhoom,  and  Singbhoom,  in  the  south-west  frontier  of  Bengal,  about  140  miles  from 
Calcutta. 

Copper  is  found  in  the  Goorgaon  and  Hissar  districts,  also  in  Kangra,  the  Salt 
range  and  Kashmir.  In  Hissar  the  ore  is  obtained  by  mining  the  hill  side  ;  the 
work  IS  carried  on  only  by  day,  and  then  with  the  aid  of  lamp  light.  Occasionally 
a  rush  of  water  causes  the  work  to  be  stopped,  and  as  there  is  no  mechanical  contri- 
vance for  controlling  the  flood,  not  nnfrequently  the  particular  spot  has  to  be  abandoned 
altogether.  The  ore  obtained  from  the  mine  is  broken  into  pieces  and  smelted  suffi- 
ciently to  make  it  cake  ;  on  this,  wood  and  the  conunon  *'  upla"  (dry  cow-dung)  of 
the  country  are  heaped,  and  the  mass  set  on  fire.  The  process  of  extracting  the  metal 
is  similar  to  that  of  burning  lime  ;  the  copper,  contained  in  the  pulverized  and  caked 
mass,  percolates  through  the  calcined  refuse,  and  finally  forms  irregular  shaped  frag- 
ments at  the  base. 

178.  ^i^* — Malacca. — Charcoal  made  from  the  Gomposs  tree,  is  the  only  deserip  - 
tion  of  fuel  employed.  A  funnel-shaped  blast  furnace,  6  feet  high  and  4  feet  diameter 
at  the  mouth  is  used.  The  sides  of  the  trunk  and  funnel-hole  are  shaped  and  backed 
with  clay.  The  fused  matters  escape  from  the  cavity  and  flow  continually  into  an 
exterior  reservoir,  hollowed  out  for  that  purpose,  from  which  the  liquid  metal  is  ladled 
out  into  moulds,  shaped  in  moist  sand.  The  trunk  is  filled  with  charcoal,  and  com- 
bustion is  accelerated  by  a  cylindrical  blowing  machine,  worked  by  eight  men.  When 
the  whole  mass  is  brought  to  a  red  heat,  the  crude  ore  is  sprinkled  on  top  of  the  burn- 
ing embers  and  kept  constantly  fed,  by  successive  charges  of  charcoal  and  mineral. 
Each  charge  consists  of  80  piculs  of  washed  ore,  containing  from  45  to  80  per  cent, 
of  tin. 

Antimony  and  Lead  are  found  in  several  districts  of  the  Punjab,  but  apparently  are 
not  much  worked. 
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CHAPTER  VII. 
PAINTS,  VARNISHES,  &o. 

179.  Paints.— Paints  are  mixtares  of  certain  fixed  and  ToUtile  00% 
chiefly  those  of  linseed  and  turpentine,  with  certain  metallic  salts  aai 
oxides,  and  other  substances  used  either  as  pigments  or  «f€mier5|  or  to 
give  a  body  to  the  paint,  and  to  improve  its  drying  properties. 

The  principal  materials  used  in  painting  are— TFAiYe  and  Bed 
Bed  and  Yellow  Ochre^  Prussian  Blue,  Verdigris  (for  greexi.  coIot)^ 
Black f  Litharge^  Linseed  Oil,  and  Turpentine,    The  charcoal  of  baboolnd 
some  other  woods,  very  finely  ground,  is  alsQ  used  to  make  a  black  pdalto 
Other  colors,  besides  those  directly  obtained  from  each  of  the  aboTe-samiA 
substances  used  alone,  are  made  by  their  combination:  white  lead  ii  } 
used  with  all  when  it  is  desired  to  lighten  the  color;  thus  a  lead  color  ii    j 
obtained  by  mixing  a  little  lamp  black  with  it. 

Indigo  and  yellow  ochre  are  sometimes  mixed  for  green  paint,  ae  eliO 
chalk  and  copperas ;  but  paint  made  with  them,  though  answering  toleraUj 
well  for  interior  work,  falls  in  powder  when  exposed.  Mineral  paints  aie 
the  most  durable. 

180.  Litharge  is  a  preparation  of  lead,  obtained  from  the  film  formed  on 
the  sarface  of  the  metal  when  in  a  state  of  fusion.  This  film  exposed  to 
beat  in  open  vessels  produces  a  yellow  substance,  used  as  a  paint,  and  called 
massicot  (protoxide  of  lead);  and  this  partially  fused  with  charcoal,  is  the 
common  but  impure  litharge.  The  massicot  carefully  heated  without 
fusion,  changes  its  color  and  becomes  red  lead  or  minium  (deutoxyde). 
White  lead  (carbonate)  is  made  from  the  crust  formed  on  the  surface  of 
cast  lead,  when  exposed  to  the  vapour  of  acetic  acid  or  vinegar.  Bed  and 
yellow  ochres  are  colored  earths.  Prussian  blue  is  a  chemical  combination 
of  iron  with  the  compound  named  cyanogen  (which  means  producing  blue) : 
it  is  prepared  by  a  long  process  which  it  is  needletoss  give  here.  Ver^ 
digris  is  produced  by  the  actiou  of  vegetable  acids  on  copper.  Lamp 
black  is  soot  collected  from  the  burning  of  resinous  and  oleaginous  matters. 
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lAnattd  oil^  having  tlie  property  of  drying,  is  the  oil  always  used.  It 
is  generally  hoiled  with  the  addition  of  a  small  quantity  of  litharge  and 
ingmr  of  lead,  and  it  more  particularly,  when  thus  prepared,  goes  by 
the  Dame  of  di-ying  oil.  Native  painters  use  a  preparation  of  linseed  oil 
-  with  sarularach ;  this  resin  (called  sundroos  or  80ondt  us,  also  kuhrooba) 
being  first  melted  over  a  strong  fire,  and  the  oil  then  added  till  the  whole 
is  of  m  semi-fluid  consistency  admitting  of  being  drawn  out  in  threads.  In 
this  state  it  is  kept,  and  with  further  additions  of  oil,  as  required,  is  both 
smployed  as  a  varnish  and  mixed  with  colors  for  painting. 

Turpentine  is  not  generally  used  for  external  or  finishing  coats,  as  it 
does  not  stand  exposure  so  well  as  oil :  it  is,  however,  so  used  with 
white  paint,  which  it  discolors  less  than  oil  does.  When  the  finishing 
ooat  is  laid  on  with  turpentine  only,  the  work  is  said  to  be  flatted.  The 
toipentine  employed  in  painting  is  distilled  with  common  water,  by  which 
H  is  freed  from  resinous  matters,  and  iS  called  oily  or  eseencCy  or  spirits  of 
imrpaUmey  being  known  in  commerce  as  turps. 

White  zinc  J  or  oxide  of  zinc,  is  in  use  as  a  substitute  for  white  lead. 
It  is  stated  in  Hunt*8  Hand-Book  that  this  zinc-white,  "  although  of  s 
besntifnUy  white  color,  is  unfortunately  to  a  certain  degree,  transparent ; 
snd  it  is  stated  by  painters,  that  it  does  not  possess  the  covering  pro- 
perties or  the  body,  of  the  carbonate  of  lead.     Another  difficulty  attending 
the  nse  of  zinc  paint,  arises  from  the  circumstance  that  it  remains  on 
the  wood  a  long  time  before  becoming  sufficiently  hardened  to  admit  of  a 
second  coat  being  laid  on ;  whilst  as  most  of  the  compounds  sold  under  the 
name  of  patent  dryers  contain  lead,  the  in  trod  action  of  this  substance  gives 
it  the  property  of  becoming  black  when  exposed  to  sulphuretted  hydrogen, 
and  thus  entirely  destroys  one  of  its  most  valuable  characteristics.     This 
arises  from  the  fact,  that  the  oxide  of  zinc  will  not  combine  with  oil  to 
form  s  plaster,  in  the  way  in  which  the  oxide  of  lead  does.     It  is  much  to 
be  wished  that  the  resources  of  modern  chemistry  may  be  at  length  found 
equal  to  the  removal  of  this  disadvantage ;  as  from  the  baneful  influence 
exerted  by  white  lead,  both  on  the  persons  who  are  employed  in  its  manu- 
fsctnre,  and  on  the  painters  by  whom  it  is  applied,  it  is  greatly  to  be  desir- 
ed that  some  good  and  equally  cheap  substitute  for  this  substance  may  be 
discovered. " 

181.    The  first  thing  to  be  done  in  painter's  work  is  the  cleaning  and 
smoothing  of  the  surface  to  be  painted.     Before  painting  on  resinous  woods, 
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it  is  further  necessary  to  provide  against  the  defacement  of  the  work  faj  fhij 
exudation  of  resin  from  the  knots.  To  effect  this,  red  lead  mixed  with 
size  is  generally  applied,  and  the  surface  is  afterwards  smoothed  with  sand 
paper  or  pumice  stone.  This  is  technically  called  killing  the  knots.  For 
fine  work,  knots  may  be  cut  out  to  the  depth  of  one- fourth  of  an  inch,  mi 
pieces  of  the  same  wood  inserted,  simply  glued  in,  and  not  compresMd; 
for  if  so,  they  might  afterwards  swell  and  spoil  the  surface.  Holes  aai 
indentations  on  the  surface  are  filled  up  with  putty,  made  of  whiting  aai 
linseed  oil.  This  is  done  after  the  application  of  the  first  coat  of  painty 
Heads  of  nails  should  be  punched  in,  and  stopped,  with  putty.  The  fini 
preparatory  coat  of  paint,  which  is  most  frequently  of  white  lead  weB 
diluted  with  linseed  oil,  is  called  priming.  The  work  should  be  well  mhbei 
down  between  each  coat,  to  bring  it  to  an  even  surface,  with  pnmioe-stOM 
or  sand  paper.  Should  the  knots  be  apparent  through  the  second  ooii 
they  must  be  covered  with  silver  leaf. 

In  repainting  old  wood-work,  it  should  first  be  scoured  with  soap  and 
water,  and  if  smoky  or  greasy,  lime-washed;  when  dry  rub  down  as  abora. 
Any  parts  of  the  paint  that  are  chipped  off  or  blistered  must  be  gradnallj 
brought  up  by  touching  them  8  or  4  times  with  color,  then  re-painli 
When  much  blistered,  it  is  necessary  to  get  rid  of  the  old  painty  wbidi 
may  be  quickly  done  by  applying  a  charcoal  fire-holder  or  brasier  near 
to  it. 

Instead  of  pamt,  wood-oil  (gurjun-tel)  is  sometime  used.  It  is  a  liquid 
resin,  and  should  be  prepared  for  use  by  boiling  with  a  little  dammer,  whioh 
gives  it  a  polish  and  causes  it  to  dry  quicker,  but  the  dammer  should  not 
be  added  when  it  is  to  be  exposed. 

Wood -work  should  be  quite  dry,  as  also  stucco,  before  painting.  In 
terraced -roofs  this  must  be  carefully  looked  to. 

The  painter  is  generally  provided  with  one  or  more  assistants,  to  grind 
and  prepare  his  colors,  <S:c.  Cue  man  can  grind  about  15  chittacks  of  red 
ochre,  1 1  of  white  lead,  or  5  of  verdigris,  per  diem. 

In  laying  on  the  color,  the  brush  should  be  applied  at  right  angles  to 
the  face  of  the  work,  the  ends  of  the  hairs  only  touching  it.  The  paint  is 
thus  forced  into  the  pores  of  the  wood,  and  equally  distributed ;  whereas,  if 
the  brush  be  applied  obliquely,  the  paint  will  be  left  in  thick  masses  where 
it  is  first  applied.  In  India,  paint  brushes  are  made  from  the  sinews 
(tant)  of  cattle,  and  lime-wash  brushes  from  moonj  or  hemp. 
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182.  Distemper.^-The  coloring  of  plastered  and  whitewashed  walk 
may  be,  and  commonly  is  in  this  country,  laid  on  with  water  or  with  wate: 
and  size,  instead  of  oil ;  a  kind  of  painting  known  by  the  name  di^i 
The  materials  chiefly  employed  for  this  purpose  are  red  and  yellow 
the  flowers  of  the  dhdk  tree,  the  red  earth  called  hirmtee^  orpiment^ 
anrf  blue  vitriol  (neila  tutya). 

The  dhakjlotcers  give  a  pink,  light  orange,  or  buff  color  not  rery  di 
Orpiment  (luirtal)  is  a  yellow  colored  mineral,  a  compound  of  aniphor  i 
arsenic  found  in  a  crystalline  form  in  various  rocks.  There  is  also 
artificial  orpiment,  and  from  both  the  natural  and  the  artificial  i 
the  color  commonly  knownby  the  name  of  king's  ytlhw.  Blue  vitriol  u 
sulphate  of  copper,  or  combination  of  copper  and  sulphnrio  add,  genersDy 
prepared  artiflcially,  but  sometimes  obtained  also  in  a  fluid  state  in  copper 
mines. 

Combinations  of  the  above  coloring  materials  are  employed  to  piodnoe 
drab,  stone  color,  <S:c.,  &c.,  and  the  depth  of  color  is  reduced  at  pleasim 
by  the  addition  of  whitewash.  This  kind  of  coloring  work  is  in  Infia 
generally  performed  by  the  masons,  and  if  carefully  done,  with  plentj  of 
sizing,  looks  very  well. 

183.  The  following  description  refers  to  this  kind  of  work  as  ezeeated 
in  Calcutta,  and  a  few  recipes  are  given  of  some  of  the  most  fkToarite 
colors : — 

When  the  walls  are  rongh,  and  not  lime  plastered,  they  are  to  be  enamelled  with 
lime  plaster,  so  as  to  make  the  surface  snooth.  Then  thick  cord  or  ch^nd  QS[J^\ 
W.^  mixed  with  lime  water,  or  simply  milk  and  water  of  equal  proportiona,  is  to  be 

washed  over  the  surface,  to  form  a  body  for  the  water  coloring. 

The  water  color  to  be  mixed  with  half  milk  and  half  water,  with  white  of  eggs, 
and  pure  China  glue,  the  latter  previously  boiled  in  water  and  made  into  liqnid.  The 
color  so  prepared,  t^  be  laid  carefully  on  the  walls,  in  one  coat,  with  an  English 
brush,  so  that  no  cut  shades  be  visible  on  the  walls. 

Labor  for  coloring,  about  2  annas  G  pie  per  100  superficial  feet. 

Ditto  for  flowcis  in  the  comers,  &c.,  according  to  size  and  description,  from  1  anna 
6  pic  to  3  annas  each. 

Ditto  for  border  or  lining  with  different  colors,  according  to  size  and  description, 
from  Rs.  1-4  to  1-12  per  running  foot 

184.  Varnish. — Is  a  solution  of  various  resinons  snbstanees  in  rapidly 
drying  solvents. 
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Statement  thorving  rates  and  ingredienU  for   different  deeoriptiont  of  water 
coloring,  bordere,  flowering^  4*^.,  for  100  euperfieialfeet  of  wall  etufaee, 

&     0.    Ba.  A.  P.    Bfl.  A.  p. 

!  Whiting  powder^    .•        10  0    9    0 

Umber,  burnt,        0      i  0    0    71 

Chrome  yellow, OS  040 

Glae,  0    2  0    2    0 

Vermilion,  China,  ( tolah,  . .         • .  0    1    8    0    9  104 

g   r  Whiting  powder, 10        020 

^l  Glue, 0    2        0    2    0 

3  L  Chrome  yellow, 02        040080 


&4 


r  Whiting  powder, 10  020 

j  J  Glue,  0    2  0    2    0 

g   I  Chrome  yellow, 02  040 

L  Yellow  ochre,         01  001081 

g   f  Whiting  powder, 10  020 

M  <  French  green  powder,       0    4  0  10    0 

g  l^Glue 0    2  0    2    0    0  14    0 

r  Whiting  powder, 10  020 

I J  Glne,  02  020 

0  ^  Burnt  nmber,         ..         ..         i.         ..  02  089 

S   [^Meena,        0    8  7    8    0    7  16    9 

.   r  Whiting  powder, 10  020 

1  )  Glue,  02  020 

CQ  I  Prussian  blue,         02  080070 


y-  (  Whiting  powder, 10  020 

g  )  Glue,            0    2  0    2    0 

g  J  Meena,        0    2  5    0    0 

^  ( Prussian  blue,        02  080570 


i  Whiting  powder, 10  020 

Glue,  02  020 

Meena,         02  500 

Vermilion,  China, 02  1906  13    0 


w    ,  r  Water  lime, 10        006 

Sgg  \  Shell  lime, f    0        0    0    9 

^  ^  o  s  Stone  lime,  k  cubic  inch,  . .         , .  0    0    6 

^  k  c^  /  ^S^'  *^*^»  sugar,  pots,  scaffolding,  &c.,  0    19 

g  (Labor 0    4    8    0    8    0 
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It  is  applied  to  ornamental  woods  and  to  painted  inrfiaeaai  to  pral 
them  against  injarj  from  moistures,  &o.,  and  to  impart  a  dMir  aUiii 
appearance.  On  a  surface  to  which  it  has  been  applied ,  it  is  a  thin  coal 
hard  and  transparent  resinous  matter,  and  the  varnish  prepared  for  dm 
this  resinous  matter  in  solution.  It  is  dissolved  in  alcohol  (^spirits  of  win 
drying  oil,  or  turpentine,  which  dry  up  after  the  varnish  is  spread  thin  o 
an  extended  surface. 

The  following  compositions  make  appro?ed  varnishes :— - 

Ssndarach,  ..     ..     250  parts.  ]  f  Anim^  resin, 9  111. 

Mastic,        64    „      /   \  Litharge,       1  os. 

Elemi  resin,        . .     . .  32    „      W  Sugar  of  lead,      •  •     •  •  1     », 

Turpentine,         ....       64    „      I    )  Turpentine, ^iqte^ 

Alcohol,       1000    „      )   (Linseedoil, 3      „ 

Copal,  800    „      j    /  Pale  shell  Uc,      ..     ..     750     „ 

Oil  of  turpentine,      ..     500    „      W  Mastic, 64     „ 

Linseed  oil,         ....    200    „      )    I  SpiriU  of  wine,  • .     ..1000     „ 

These  are  carefully  boiled  and  strained.  The  linseed  oil  used  tor  i 
purpose  is  prepared  as  a  drying  oil. 

Sandarachy  mastic,  elemif  animej  copal  and  lac^  are  substances  prodoc 
by  different  trees :  the  first  obtained  from  Africa ;  the  second  from  \ 
Grecian  islands  ;  the  third  from  the  West  Indies  ;  the  fourth  from  Son 
America ;  the  fifth  from  both  East  and  West  Indies ;  and  the  sixth  ftt 
the  Eastern  Islands  and  many  parts  of  Hindoostan. 

A  kind  of  varnish  called  Dhoona  has  been  obtained  from  the  i 
tree. 

Lac  is  obtained  from  several  common  trees,  peepul,  dhak,  &c. 
exudes  from  the  punctures  made  by  a  little  insect  known  as  the  lao  insec 
The  lac  as  thus  first  produced  on  the  branches  of  the  trees,  is  called  8tk 
lac]  the  same,  pounded  and  cleansed,  goes  by  the  name  of  seed  lac;  an 
this  again,  melted,  strained,  and  dropped  on  smooth  plantain  leaves,  form 
the  thin  sheet  of  purified  resin  known  as  shell  lac.     The  dried  dead  bodie 
of  the  insect  are  used  to  form  the  well  knows  scarlet  dye,  (Lac  or  Ldte 
while  the   prepared  resinous  exudation  is  utilized  as  an  ingredient 
varnish  and  in  /aa/uery  which  is  the  name  particularly  applied  to  variifi 
made  of  lac,  with  the  ad<iition  of  various  coloring  matters,  and  employ 
principally  for  metals. 
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i                         BnuBS  Lftcqaer.                                         Gold  Lacquer. 
[  PiOeabdlUc,    ..     ..lib.  Pale  shell  lac I  \^. 

Oooboge 1  OS.  Sandarach,         ..     ..  d|  tbh. 

OiptaloM, 8   »  Tnnneric, 1    lb. 

Alooliol, 2  i^i.         '.    Gamboge, 2|  osa. 

Alcohol,     2    galU. 

186.    MastiOB.— Mastic  is  the  term  applied  to  natural  and  artificial 
\  oambinations  of  bituminouR  or  resinous  substances  with  other  ingredients. 
Xbej  are  used  as  cements  to  other  materials,  or  as  coatings  to  render  them 
impeiTious  to  water.    Artificial  mastics  have  been  formed  by  mixing 
vegetable  tar,  pitch,  and  other  resinous  substances  with  litharge,  powdered 
Iviek,  powdered  limestone,  <S:c.,  but  the  results  obtained  are  generally 
inferior  to  those  obtained  from  bituminous  mastic,  or  Asphalte^  which  is 
a  natural  combination  and  is  used  for  pavements,  floors,  roofs,  covering 
walls  and  arches,  lining  tanks  and  drains,  and  covering  the  ground  course 
of  biick-work,  <&c.,  to  prevent  the  rising  of  damp  in  walls.     Natural 
Mpludte  consists  of  carbonate  of  lime  intimately  connected  with  bitumen. 
It  it  found  in  the  neighbourhood  of  the  Jura  mountains,  and  is  melted  up 
with  mineral  tar  so  as  to  form  a  compact  semi-elastic  solid,  well  adapted 
to  reilit  the  effects  of  moderate  heat  and  wet.     It  is  laid  down  hot,  gene- 
nllyorer  fine  concrete,  and  detailed  instructions  for  its  preparation  will  be 
fcond  in  Vol.  II.,  under  the  head  of  Flooring, 

186.  Glazing.— 6/aziV)^  is  the  art  of  fixing  glass  in  the  frames  of 
^'iQowg.  It  is  secured  with  putty,  which  is  a  tough  tenacious  paste, 
^^'Qsisting  of  whiting  and  linseed  oil,  much  improved  by  the  additiou 
^f »  Kttle  white-lead.  The  ingredients  should  be  well  beaten  together 
^  MTeral  hours.  In  India,  putty  is  frequently  made  with  chalk,  resin 
(rdi)  and  linseed  oil.     Turpentine  oil  is  sometimes  mixed  with  these 

• 

^Tedients,  or  wholly  substituted  for  the  linseed  oil,  to  make  the  putty 

*»rfen  quickly. 

^e  panes  of  glass  are  also  secured  with  small  nails  or  "  sprigs." 

Glass  is  cut  by  means  of  a  glazier's  diamond.     Care  should  be  taken  to 

^  ti^6  glass  to  be  cut,  on  a  soft  thick  yielding  substance,  which  shall  ac- 

'^^odate  itself  to  any  inequalities  in  the  surface  of  the  pane,  especially 

With  panes  of  any  size.     A  straight  edge  is  applied,  and  the  diamond  being 

ufiwn  steadily  along  it,  a  smooth   fissure  or  superficial  crack  is  made, 

^^ch  should  b^  continued  without  interruption  from  one  end  to  the 

^tcier  of  the  line  in  which  the  glass  is   to  be  cut.     The  bkilful  work- 

"^OL.   1.— THIRD  EDITION.  2    ¥ 
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man  then  applies  a  soaiU  force  solely  at  oae  extremitf  of  tliia  line,  aai 
the  crack  which  he  foriiu  u  led  bjr  the  fi^ttre  almost  with  cartaiatj  to  dM 
other  end. 

187.  Papering.— Rooms  are  seldom  papend  in  India,  except  in  dwelU, 
ing  houses  iu  the  hills :  they  coald  liowever  easily  be  paperad  in  molt 
parts  of  the  country,  except  perhaps  in  a  damp  climate  like  that  of  Bengal 
The  paste,  with  which  the  paper  is  attached,  should  be  made  with  arsenifl^ 
to  protect  the  paper  from  white-ants,  &c.,  and  of  a  thin  consistency,  jail 
enough  only  being  applied  to  ensure  the  adhesion  of  the  paper ;  otherwui 
it  will  peel  off. 

One  principal  reason  for  adopting  distemper  for  interiors  of  Indua 
dwelling-houses,   in   preference   to   papering  them  is  the   compara'ifi^f^ 
ease  and  economy  with  which  the  white  and  color  washed  wall  can  b^ 
periodically  cleaned  and  recolored,  a  measure  often  demanded  on  sanitii^ 
grounds.     As  now,  however,  a  washable  paper  has  been  introduced  lab^^ 
England  (by  the  Amaranth  staining  company)  one  of  the  chief  objeetioiii^ 
against  papering  interior  walls  in  India  is  removed.     The  surface  of  tlaiSK 
new  material  is  non- absorbent,  while  it  has  tlie  same  dead  unpolished 
pearance  as  the  ordinary  paper  and  is  quite  as  cheap.      Soap  and  wa" 
washing  removes  every  form  of  discoloration  and  even  a  stiff  brush  d< 
no  injury  to  texture,  color,  or  pattern. 


SECTION   II.-EARTHWORK. 


IBS.  Thb  mere  digging  or  catting  into  the  earth  is  so  common  and 
jbfioos  an  operation  that  it  may  seem  to  require  neither  skill  nor  expl ana- 
Bon.  This  however,  only  applies  to  small  and  ordinary  operations ;  for 
ibm  the  work  is  extensive,  as  in  the  formation  of  canals,  reservoirs, 
lunids,  and  the  like,  many  expedients  are  resorted  to  that  miglit  not 
•snr  to  common  workmen ;  they  have  arisen  out  of  experience,  and  are 
adupted  becaase  Uiey  economise  labor  and  time,  and  consequently  dimi- 
iMh  tbe  ex()en8e  of  executing  the  work. 

In  ntny  countries,  the  mere  mode  of  executing  the  work  is  of  little 

or  no  importance  to  the  Engineer ;  his  dufy  being  to  set  out  the  form 

of  thi  work  according  to  tbe  plans  previously  prepared ;  and  to  see  that 

it  ii  properly  executed.     The  reason  of  this  is,  that  workmen  may  fre- 

^aentlj  be  found,  who  will  contract  for  the  whole  business,  either  at  one 

(p^edsnm  of  money,  or  for  a  certain  price  per  cubic  yard,  whatever  the 

work  may  happen  to  measure ;  and  in  these  cases  such  workmen  hire  and 

n  ^leir  laborers,  find  all  the  necessary  tools  and  materials,  and  execute 

^«  work  in  such  manner  as  they  believe  will  render  it  most  profitable  to 

memgeUes.     The  Engineer,  in  this  case,  has  no  care  or  trouble  about  the 

•Jfoi-ution,  nor  should  he  interfere  in  it,  unless  he  perceives  something 

^J>»bl/  wrong. 

*89.  The  usual  course  of  proceeding,  when  contractors  for  the  work 
^  be  obtained,  is  for  the  Engineer  to  prepare  his  map  or  plan  of  the 
^'^ntry,  together  with  a  correct  profile  or  section,  to  scale,  of  the  intended 
^•"fe,  ind  to  write  out  a  specification  explanatory  of  his  drawings  and 
■ang,  stating  how  the  work  is  to  be  executed — where  the  spare  soil  is  to  be 
H**«ited — when  the  work  is  to  commence — what  time  will  be  allowed  for 
*  completion — how  and  where  it  is  to  be  paid  for— what  penalty  is  ex- 
acted to  be  incurred  should  the  woik  be  slighted,  neglected,  or  not 
'^^^'ied  within  the  stated  time— whether  the  contractor  is  to  be  kept  free 
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from  water,  should  springs  be  cut  in  the  progress  of  his  operationSi  or 
whether  (as  it  is  technically  called)  he  is  to  bear  his  own  water-charges^^ 
and  any  other  particulars  necessary  to  be  kuown.  These  plans  and  paiti- 
culars  are  then  deposited  in  some  accessible  place,  as  near  as  possible  to 
where  the  work  is  to  be  performed,  or  in  a  neighboaring  towa  or  ciif. 
Advertisements  are  then  inserted  in  nevrspapera,  or  otherwise  broagbf 
before  the  notice  of  the  public,  stating  that  certain  works  are  required  to 
be  done,  the  plans  and  particulars  of  which  are  deposited  for  iuspectioii 
and  examination  at  a  certain  place,  from  some  specified  date  to  another; 
and  inviting  all  persons  who  may  be  willing  to  contract  for  the  ezeca- 
tion  of  such  work  to  inspect  the  plans,  or  the  ground  itself,  and  to  nsnfc> 
in  sealed  tenders  to  a  certain  place,  on  or  before  a  certain  day ;  in  whid^ 
they  are  to  state  the  price  and  conditions  upon  which  they  will  ondar^^ 
take  the  performance  of  the  work.  These  tenders  are  opened  by 
authorized  person,  and  the  common  course  is  to  let,  or  give  the  woik 
the  lowest  bidder.  Notwithstanding  this  is  the  usual  practice,  it  is 
that  ought  not  to  be  universally  adopted,  because  the  ability  of  the 
tractor  to  perform  the  work,  and  his  respectability,  ought  always  to 
enquired  into.  Many  instances  occur  in  which  parties,  from  the  hope 
gain,  will  put  in  tenders,  without  being  acquainted  with  the  nature 
the  work,  and  will  take  contracts  for  its  performance  at  prices  lower  tlim.i 
it  can  be  possibly  done  for,  although  they  perhaps  neither  possess 
necessary  implements,  or  capital  to  pay  their  men,  or  provide  what  ma 
necessary  for  its  execution ;  and  notwithstanding  they  may  give  suretL^sa 
under  bond  for  the  due  performance  of  what  they  undertake,  yet  when  th-^sj 
find  it  costs  more  than  they  are  to  receive  for  it,  or  that  their  operatic ^ci0 
are  so  unsatisfactory  to  the  Engineer,  that  he  will  not  pass  their  accoui^  ^ 
for  payment,  abscond,  leaving  their  sureties  to  suffer,  or  prove  that  ih-^^J 
are  not  responsible.  The  Engineer  has  then  to  look  out  for  other  persc^  '^^ 
to  finish  his  work,  after  much  delay  and  vexation,  and  perhaps  can  oi^»-^^ 
procure  them  at  very  advanced  prices.  The  Engineer,  from  his  knowled 
and  experience,  ought  to  be  able  to  judge  of  the  value  of  what  he  m< 
to  execute,  and  should  be  consulted  as  to  the  tenders  before  any  one  ^ 
accepted ;  and  he  ought  not  to  permit  any  tender  to  be  accepted  when  ^ 
knows  the  price  offered  is  such  a  one  as  will  not  allow  the  work  to  ^ 

executed  in  a  good  and  substantial  manner. 
To  form  a  specification,  however,  requires  a  sound  knowledge  of  t—^-^^ 
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nlgeot  on  the  pari  of  the  Eagineer,  and  it  froqnontl j  happens  that  work 
MMj  haTe  to  be  execated  ia  situations  where  contractors  cannot  be  obtain- 
«clf  and  thai  the  Engineer  has  to  provide  his  own  materials,  engage  his 
own  hinds,  and  direct  their  operations. 

190.    The  term  Earthwork  in  its  widest  sense,  comprehends  excava- 

tioa  in  rock,  as  well  as  in  the  looser  materials  of  the  earth^s  crust.     It 

aboioeiades  embanking  and  puddling;  but  the  formation  of  eartnen  walls, 

or wiitt is  termed"  Pise  work,"  belongs  rather  to  building,  and  is  not 

CQuidered  to  fall  under  this  head  of  Engineering. 

Eirthwork  gives  way  by  the  slipping  or  sliding  of  its  parts  on  each 
olher,  and  its  stability  arises  partly  from  the  friction  between  the  grains, 
aid  partly  from  their  mutual  adhesion.  The  latter  force,  although  con- 
■derablo  in  some  kinds  of  earth,  such  as  moist  clay,  is  not  to  be  trusted 
to  permanently,  as  it  is  gradually  destroyed  by  the  action  of  air  and 
moiftaie,  and  by  changes  of  weather,  especially  by  alternate  frost  and  thaw. 
Dm  temporary  additional  stability,  however,  produced  by  adhesion  is  use- 
folia  the  execution  of  earthwork,  by  enabling  the  side  of  a  cutting  to 
itnd  with  a  vertical  face  for  a  certain  depth  below  its  upper  edge.  That 
dipth  is  greater,  the  greater  the  adhesion  of  the  earth,  as  compared  with 
iiiwaght;  it  is  increased  by  a  moderate  degree  of  moisture,  but  dimi- 
iddwd  by  excessive  wetness.    The  following  are  some  of  its  values  : — 


r 


Earth. 


Greatest  depth 
of  temporary 
vertical  faoe. 


Om  diy  sand  and  gravel,  .... 
Uoiit  nnd  and  ordinary  surface  moald,  from  . 
Ortinaiyclay, 


0 

8  to  6  feet 

10  to  16  „ 


ft  is  on  account  of  this  temporary  stability,  that  the  sides  of  cuttings 
'sere  the  soil  is  undisturbed  in  its  natural  position,  are  generally  made 
^  *  higher  slope  than  would  he  given  to  the  same  earth  if  dug  out  and 
'ornjed  into  an  embankment.  By  degrees  the  steep  slope  becomes  covered 
^  ^fass,  &c.,  so  that  by  the  time  it  has  lost  its  natural  stability  other 
^'^^oiHstances  help  to  keep  it  firm. 
*0l    rjijjg  permanent  stability  of  earth,  which  is  duo  to  friction  alone. 
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is  sufficient  to  maintain  the  side  either  of  an  embankment  or  of  a  cutting 
at  a  ntiiform  slope,  whose  angle  to  the  horizon  is  the  angle  of  repose. 
This  is  called  the  natural  slope  of  the  earth,  and  is  the  lowest  slope,  which 
soil  thrown  down  freely  and  loosely,  tends  to  assume  and  permanently  to 
retain.  The  tangent  of  the  angle  of  repose  is  the  co-efficient  of  friction 
of  the  soil ;  and  it  is  usual  to  describe  the  slope  of  earthwork  by  the  ratio 
of  its  horizontal  breadth  to  its  vertical  height,  that  is,  by  the  ratio  of  the 
radius  to  the  tangent  of  the  angle  the  slope  makes  with  the  horizon ;  the 
greater  this  ratio,  tlie  greater  the  8h)pe.* 

The  following  are  the  observed  angles  of  repose  or  natural  slopes  of 
seyeral  kinds  of  soil : 


Barth. 


Angle  of 
repose. 


Cuftcmary  de- 

Bign.ition  of 

natural  slope. 


Dry  sand,  clay  and  mixed  earth. 
Damp  clay,  .  .  .  . 
Wet  clay 

Shingle  and  grayel,   . 

Feat, 

Mod, 


{from 
to 


I  from 
I  to 
\  from 
|to 
I  from 
tto 


37* 
2l« 

17° 
14° 
48° 
85° 
45° 
14» 
0 


1-83  to  1 

2  63  to  1 
1  tol 

8  23  to  I 
4to  i 
•9  to  I 

1-48  to  1 
1  tol 
4to  I 
0 


The  most  frequent  earth-slopes  are  those  called  1^  to  1  and  2  to  1,  (the 
latter  being  generally  for  depths  exceeding  85  feet,)  corresponding  to 
angles  of  repose  33^®  and  26^°,  nearly.  The  presence  of  a  small  amonnt 
of  moisture  in  the  earth  seems  slightly  to  increase  its  friction :  but  auy 
large  quantity  of  moisture  dimiuishes  it,  till  the  earth  is  reduced  to  a 
semifluid  state.  Hence  to  insure  frictional  stability,  provision  must  be 
made  for  draining  off  the  water  contained  in  the  earth. 

•  In  describing  the  longitudinal  elope  of  a  road,  a  different  npage  occaislonally  prcTalln.  Where  a 
road  is  said  to  rise  I  in  SO,  properly  speakinp',  it  means  that  in  a  horizontal  length  of  20  feet  the  rise 
is  1  foot;  and  in  designing  a  road  and  drawing  the  section  of  it,  such  wonld  be  the  way  of  expressing 
the  slop?.  Bat  as  it  is  nsnal  in  measuring  the  length  of  a  read,  nnless  the  slope  be  very  great,  to 
lay  the  chain  along  the  ground,  whether  or  not  it  is  absolutely  horizontal,  a  riw  of  1  in  20  has  come 
to  mean  a  rise  of  I  foot  in  a  length  of  road  of  20  feet ;  that  is  the  Plope  is  (Expressed  by  the  ratio  of 
the  sine  to  the  radiuA  of  the  angle  of  inclination.  This  is  not  strictly  correct :  but  it  saves  a  tedious 
calcnlation  of  the  horizontal  line  from  the  length  of  road  surface ;  aud  aft«>r  all,  the  difference  in  this 

OMe  Is  only  between  20  feet,  and  19  975  feet  (  e.  t.  s/  40«  -  I  foot)  or  \  inch ;  and  a  slope  of  I  in  20 
is  far  Bt6tp«r  thao  is  nsoally  met  with  in  a  flat  oonntiy. 
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192.    The  property  of  retaining  water  and  forming  a  paste  with  it 

Ukmgt  specially  to  days,  wliich,  however  hard  when  first  dag,  gradually 

laftaa  and  disintegrate  by  the  action  of  the  weather,  and  lose  their 

fAeUons)  stability.     Hence,  slopes  of  cuttings  through  stratified  clays  rary 

fcs8i2  to  1  to  8^  to  1.     Alternate  strata  of  clay  and  sand  are  generally 

iHiiUered  the  very  worst  for  excavation,  as  the  sand  favors  the  access 

«f  witer  while  the  clay  prevents  its  escape. 

All  stratified  materials  occurring  in  layers  inclining  to  the  horizon 
B  the  Btme  direction  as  the  side  of  a  cutting,  are  liable  to  a  slipping 
of  0D«  stratum  on  another.  And  as  it  is  evident  that  when  strata  are  not 
krisontal,  if  a  catting  be  ma  le  through  them,  their  dip  must  on  one  side 
or  the  other  incline  towards  the  cutting,  it  follows  that  horizontal  strata 
m  the  most  favorable  for  excavation. 

Bocks  have  frequently  a  certain  permanent  cohesion ;  so  that,  when 
im  snd  sound,  a  cutting  may  be  carried  through  them  with  sides 
Tsrtieil,  or  nearly  so.  How  far  this  cohesion  is  to  be  depended  on,  is  a 
iMitioQ  to  be  solved  rather  by  observation  of  the  rock  in  each  case,  than 
hysQj general  principles  having  regard  to  its  geological  position,  chemical 
ttmpodtion,  &c.;  for  its  mechanical  properties  may  have  little  connection 
^  these.  Generally  speaking,  however,  the  cohesion  of  igneous  rocks 
nch  ss  granite,  trap,  quartz,  &c.,  if  they  are  not  much  fissured  may  be 
^nwted,  and  they  may  be  left  standing  at  very  steep  slopes.  Of  sedi- 
■ontiry  rocks,  sandstone  and  limestone,  whether  compact  or  granular,  if 
httd  enough  for  building  purposes,  will  stand  with  vertical  or  nearly  ver- 
bal feces.  Sandstone  exists,  however,  of  all  degrees  of  hardness,  and 
1B*7  reqnire  a  slope  as  great  as  1^  to  1 ;  while  chalk  will  stand  at  from  ^ 
to  1  to  1^  to  1,  the  cohesion  of  the  npper  beds  being  greater  than  that 
<"  the  lower.  All  argillaceous  rocks,  such  as  shale,  must  be  treated  with 
greit  etation,  for  the  reasons  stated  in  the  last  paragraph. 
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103.  MenBuration. — The  boandaries  of  a  piece  of  earthwork  in  ge- 
neral are  as  follows: — 

I.  The  base  or  formation^  BE,  in  Figs,  1,  2  and  8,  being  a  Burfiut, 
nearly  if  not  exactly  horizontal,  forming  the  bottom  of  a  cattingi  or  fhe 
top  of  an  embankment. 

II.  The  original  surface  of  the  ground,  AB,  forming  the  top  of  a 
catting  or  the  bottom  of  an  embankment. 

III.  The  sides  or  slopes^  AD  and  BE,  connecting  the  base  with  the 
natural  surface ;  Figs.  1  and  2,  represent  sections  of  cuttingSi  the  former 

Fig.  2. 
Fig,  1.  P      N 


\i/' 


through  level  ground,  the  latter  through  "side  long  ground."     Iftbey 

be  turned  upside  down  they  will  represent  embankments.     Fig,  3,  shows 

Fig.  S.f  a  piece  of  earthwork,  part  of  which, 

p N — ft-^'^^     QEB,  is  in  cutting,  and  the  other  part, 

ADQ,  in  embankment.  C  is  a  point 
on  the  centre  line  of  the  base  of  the 
earthwork ;    and    the    horizontal   dis- 

•  Moat  of  the  /ormnltc  in  thin  cbapu-r  aix'  taken  from  Rankinc'a  Civil  Engineering.  Fur  equation? 
(•'),  (o)ttnd(  7),  1  am  iudebted  toEusiyn  Keay,  Head  Matstcr,  Up|)cr  Suboixiinate  Cla^,  Thomaaui 
College. 

t  In  all  tLubU  li^fui^M  DF  mui>t  bv  L>quul  to  l-U,  ami  the  slupcti  AD,  B£,  mubi  be  the  eaaif. 
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AO  and  BC,  in  Fig.  1,  and  AM  and  BP,  Figs.  2  and  8,  are  termed 

htUf  hrtadihs.     It  will  be  evident  that  only  in  Fig,  1,  is  C  in  the  centre, 

and  the  half-breadths  in  reality  equal  to  each  other ;  for  although  the 

klf-breadtha  of  the  base  DF,  F£,  are  in  all  cases  equal  and  the  same, 

fhm  rematoing  portions,  AL  and  BN  must  vary  with  the  slope  of  the 

Stomid,  and  must  be  determined  by  calculation. 

Bids  Widths.— For  this  purpose  the  following  formuln  are 


In  I^igs.  1,  2  and  8,  let  the  central  depth  of  earthwork  CF  =s  A,  the 
bait-breadth  of  the  base  DF  =  FE  =  5;  let  s  to  1  be  the  slope  of  the 
•aith^rorky  that  is  the  ratio  of  horizontal  feet  to  1  rertical  foot ;  r  to  1 
in  a  aimilar  way,  the  slope  of  the  side-long  ground ;  h'  =  horizontal 
kalf*breadth  of  the  slope,  that  is  BN  on  the  upper  side,  and  AL  on  the 


I.     Then  in  Fig.  1— 

V  =  sA, (I). 

BC  =  6  +  y  =  ft  +  8h (2). 

IL     In  fig9.  2  and  8— 

BPsrx  PC  =  5   X  PK  =  «   X  (PC  +  CF  +  FK) 

.-.  PC(r  -  5)  =  «  (CF  +  FK)  =  «  (^A  +  -|-)  =  ft  +  «A 
.-.  PC  =  ?J^,  and  BC«  =  PC  +   BP  =  PC*  +  r»  PC« 


r  —  « 


A  BC  =  PC  VIJmTT)  =  ^  VTmTT  (8) 

irhich  gives  the  actual  distance  to  be  laid  off  from  C  to  the  upper  edge 
of  the  cutting. 

Also  BN«  (or  ft'«)  =  BH«  -  NH»  =  BH«  -  ^ 

.-.  Vt^.^^^  and  BH  =  BC  -  CH.     But  CH*  =  FE»  +  ~ 


r  r  —  «^^  r     ^       * 

and  the  half-breadth  of  slope  ft'  =  (73^  -^  —y 


b 


in  which  the  factor  (  A  H ^  =  H£,  the  depth  of  earthwork  at  the  edge 
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of  tha  bane.     In  the  same  way  on  the  lower  Me  of  a  cntting,  or  the  i 
eiJe  of  an  embaiikmeut,  ia  Fig.  2— 

Ao  =  HV"^ 

«udAL  =  6'  =  ;:^,(A-i-) 

where  the  factor  fh j  represents  the  depth  OD. 

When  the  ground  intersects  the  base  between  the  centre  line  am 
edge  of  the  earthwork,  as  at  Q  in  Fig.  S,  the  values  of  BC  and  BIS 
be,  as  in  Fig,  2,  found  from  equations  (3)  and  (4). 


Al8oAO  =  *^y^  +  l 


and  AL  =  6'  =  -^^  (4-  -  *)  

where  ^---  —  h\  represents  the  height  of  the  earthwork,  GD. 

The  horisontal  distance  FQ  =s  rh  • ..••••t.... 

It  is  evident  that  the  above  formula  can  be  applied  to  cases  in  wl 
the  slope  of  the  earthwork  and  of  the  natural  surface  of  the  gronn 
different  on  the  two  sides  of  the  centre  line,  as  well  as  to  those  in  wl 
they  are  the  same.  The  distances  AG  and  BO  must  be  known  to 
person  who  actually  lays  out  the  work,  while  BN  and  AL  are  necesi 
for  the  calculation  of  its  volume. 

106.  Section  Areas. — From  the  same  data  as  are  required  to  a 
pute  the  breadths  of  the  slopes,  we  may  calculate  the  area  of  the  a 
section.  Using  the  same  letters  as  before,  and  supposing  S  in  each  c 
to  denote  the  area  required  : — 

When  the  ground  is  level  across,  as  in  Fig,  1— 

S  =  FC.GB  =  h{2b  +  h')  =  2hh  +  8h* C 

When  the  ground  has  an  uniform  side-long  slope  not  intersecting 
base,  as  in  Fig.  2— 

S  =  area  of  trapezoid  GDEH  +  triangle  BHE  +  triangle  AG 

«=  -^-v - 
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7h«  same  quantitj  maj  also  be  expressed  in  the  following  manner,  con- 
rideriDg  its  area  as  the  difference  of  the  triangles  ABE,  DEK. 

s  =  ^(A  +  4y-^ (12). 

lliis  is  a  conyenient  formula  for  nse  in  connection  with  a  table  of 
aqjoires. 

When  the  ground  intersects  the  base,  as  in  Fig,  3 — 
Here  the  cross  section  consists  of  two  similar  triangles,  QBE  and  QAD, 
lu  cutting,  the  other  in  embankment.  Then  QBE  will  be  greater  or 
ki  than  QAD,  according  as  Q  is  to  the  left  or  right  of  G,  the  centre 
pnoi  When  Q,  G,  and  F,  coincide,  the  triangles  are  equal,  and  the 
oetTtfion  is  equal  to  the  embankment.  Let  the  area  of  QBE,  the 
gittter  of  the  two  as  in  the  present  case  =:  S' ;  the  area  of  QAD,  the 

Then  S  z=  ^ -  2  (r  -  0   (^^)- 

^    —  2  -"2(r-0    •   ^^^) 

197.    VoLUUZs. — With  the  data  obtained  in  tlie  last  two  paragraphs, 

nlttTe  to  calculate  the  volumes  or  quantities  of  earthwork  in  any  given 

iMTition  or  embankment. 
Let /=  length  of  the  portion  of  earthwork  of  which  the  volume  Y  is 

nqoired. 
L  When  two  cross  sections  8^  and  8,  are  given,  and  the  length  be- 

tweeathem,  and  when  8,  and  S,  are  very  nearly  equal,  hut  not  otherwise 


V  =  ^^  X  I (16). 

H  When  three  equidistant  cross  sections  S„  8„  6„  are  given,  and 

'kole  length,  then— 

^^  8.  +  4^S,  +  83  ^  ^ ^jg^^ 

HI.  When  the  length  I  and  two  cross  sections  8,  and  8j  only  are 
P^w,  the  area  of  an  assumed  cross  section  8,  may  be  found  approximately, 
by  considering  the  central  depth  as  a  mean  between  the  two  end  depths 

(^2~-  ^  ^  )  •"^  *^®  side-long  sh'pe  of  the  ground  as  a  harmonic  mean 
*>«t»e€n  the  two  end  slopes  (  ,     — ^  =  r  \     Equation  (1 6)  may  then  bo 

^;  ind  ilie  result  will  be  found  to  be  closer  than  what  could  be  obtained 
^  equation  (15). 
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IV.  When  the  ground  is  level  across,  this  last  process  gires  the  follow- 
ing resnlt ;  h  and  h",  being  the  depths  at  the  two  ends — 

V  =  i  (*J*±i5  ^,V  +  y  +  A"|    (17). 

or  V  =  /  {»J*  +  *3  +  .  l^±±J!^  +  ^-i^]  } (18). 

A  formula  conrenient  for  use  in  connection  with  a  table  of  squares. 

V.  When  an  even  namber  (m)  of  equidistant  cross  sections,  Sj,  S„  S, 
8«, Soi,  are  given,  and  d  the  distance  between  each,  then— 

V  =  d  (^+  S,  +  S,  +  84  + +  %) (20). 

VI.  Lastly,  when  an  odd  number  (n)  of  equidistant  cross  sections,  8,, 
8j,  8,, 8b,  are  given,  and  d  the  distance  between  each,  then — 

V  =  f  (8,  +  4  8,  +  2  8,  +  4  8,  +  ...2  Sb«,  +  4  S„.,  +  S„)...(21). 
The  term  "  Prismoidal  formula,"  is  applied  to  both  the  equations  (16) 

and  (17),  which  alone  are  strictly  accurate.  If  an  Engineer  required  to 
obtain  approximately  and  quickly  the  quantities  of  cutting  and  embank- 
ment in  alternative  lines  or  sections  of  a  road  or  canal,  he  mifjht  ad- 
Tantage«)usly  use  equations  (20)  or  (21):  but  it  must  be  remembered 
that  they  are  but  approximations,  and  in  the  case  of  constantly  shifting 
gradients,  or  naturally  uneven  ground  might  give  very  inaccurate  re- 
aulta.  For  a  thoroughly  correct,  final,  estimate,  the  prismoidal  formula 
should  be  used. 

198.  The  following  example  will  serve  to  show  how  the  above  formulie 
are  applied,  , 

Let  ABGD,  be  a  piece  of  road  on  which  the  aectiona  S„  8t,  &o.,  are 


at  equal  distances  of  500  feet  each.  From  8,  to  8,  the  road  is  entirely 
in  digging,  beyond  that  point  it  is  partly  in  embankment;  8,  reprepenting 
a  section  of  the  embanked  portion  at  the  line  BC ;  at  8,  the  ground  is  level 
across ;  at  all  the  other  sections  it  is  side-long.  Let  b  the  half-breadth  be 
20  feet,  and  8  the  slope  of  the  earthwork,  be  1  to  1  throughout. 

Let  the  central  depths  at  8„  S„  8„  and  S„  be  10,  6,  2  and  1  foot, 
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respectively,  and  the  natnral  slope  of  the  side-long  groand  at  Sj,  S„  and 
S^,  be  7*0  to  1,  10  to  1,  and  7  to  1,  respectively. 

I.     Then   at  S^,  the  horizoutal  half-breadths  of  the  side  slopes  are 
(equations  4  and  5) 

6'  =  i~  (lO  +  1^)  =  10-43  feet  on  the  side  A, 

and  b'  z=:  ^  flO  -  ~\  =  '9-6  feet  nearly,  on  the  side  D, 

and  the  area  S,  (equation  11) 

_  (1   X  400)  -f-  (2  V  4900  V  20  y  10)  +  (  4900  x  1  X  10) 
"~  4900  -  1 

=  500  square  feet  nearly  ;  (equation  12) 
a  4900  V  1   z,^    ,     20  V      4^         RAA  r    i.  i 

At  S,  we  have  (equation  1) 
b'  =  6,  the  horizontal  half-breadth  of  the  side-slopes,  and  (equation  10). 
S,  =r  (2  X  20  X  6)  +  (1   X  86)  =  276  square  feet. 

At  8),  in  like  manner,  we  have  (equations  4,  6  and  11) 

b'  =  4*4  feet  on  the  upper  side,  and  5'  =  0  on  the  lower  side.     And 
Sj  =  88*8  square  feet. 

For  the  two  sections  on  the  line  BC,  we  have  for  the  half-breadth  of 
the  excavated  slope  (equation  4)  b'  =:  4*5  feet; 

and  the  half  breadth  of  the  embanked  slope  (equation  8)  5  ss  2*2  feet 
nearly. 

f20  4-  7V 

Also  (equation  18)  84=      2     h     ^  60-75  square  feet. 

(20  —  7^* 
And  (equation  14)  S,  ■-=■  —^ — ~-   =  14-08  square  feet. 

199.     II.     Having  calculated  the  areas  of  the  cross  sections  8,,  8,,  8,, 
8^,  and  8^,  we  may  find  the  whole  quantities  of  earthwork. 

To  find  the  volume  of  the  excavation  from  8,  to  8,  the  true  content 
will  be  (equation  16) 

V  =  5?2j!l1J1276_+^8.  ^  ^^^^  ^  232148  cubic  feet. 

If  we  calculate  the  same  value  by  equation  (15)  taking  the  sums  of  the 
Tolumes  from  8^0  8,,  and  from  8,  to  8,,  we  should  have— 

^  ^  6OO+2W  ^   ^^^  ^    276+88;8   ^   ^^^  ^  ^^^^^^  ^^^.^  ^^^^^  ^^ 

error  in  excess  of  above  3000  cubic  feet.     Or,  if  we  had  only  the  two 
sections  8,  and  8,  given  us,  and  we  wished  to  find  the  Yolome  by  as- 
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Btiming  S,  by  the  method  shown  in  III.,  para.  197,  we  should  have  h^ 

=  — '■ —  =  6  feet,  which  is  correct,  and  r  =    -r^^ r^  = -,  = 

-  25. 

The  negative  sign  being  here  used  as  one  slope  is  directly  in  the  oppo- 
site direction  to  the  other ;  and  the  mean  slope  going  with  that  which  is 
steepest,  that  is,  with  the  one  in  which  r  is  less.  From  the  above  data 
we  should  find  (equation  11)  S,  =  276-50  square  feet,  only  half  a  square 
foot  greater  than  the  real  area,  and  from  this  calculation  we  should  have— 

V  =  282481*3  cubic  feet,  an  error  in  excess  of  only  333  3  cubic  feet. 

In  measuring  the  ground  between  S,  and  the  line  BC,  we  must  take  it 
in  two  portions,  as  it  is  partly  in  embankment  and  partly  in  excavation. 

The  embanked  portion  is  merely  a  triangular  pyramid  having  for  its  base 
8,,  and  its  height  thn  distance  between  S,  and  S,  =  500  feet ;  its  content 
therefore  will  be  ~?  x  S,  =  522  x  14-08  =  2347  cubic  feet. 

The  excavated  portion,  which  is  a  prismoid,  may  be  found  in  several 
ways,  of  which  the  most  accurate  would  be  to  assume  an  intermediate 
section  in  the  manner  shown  above. 

The  volume  of  excavation  thus  obtained  would  be  81-749  cubic  feet. 

Equation  15  could  not  with  any  accuracy  be  applied  for  finding  this 
volume,  as  the  cross  sections  Sj  and  8^  differ  so  largely ;  it  would  give  an 
error  in  excess  of  more  than  5000  cubic  feet.  Nor  would  it  give  an  accu- 
rate result  to  find  the  whole  volume  from  8,  to  84  by  equation  19,  and 
then  to  deduct  the  portion  8,  to  8,  already  found.  For  that  formula  is 
only  applicable  to  a  single  prismoid,  such  as  the  volume  is  from  81  to  8,; 
and  the  whole  volume  from  8,  to  8^  is  made  up  of  two  distinct  prismoids. 
From  8,  to  8,  there  is  one  common  half-breadth  of  20  feet,  but  from  8,  to 
8^  this  half-breadth  keeps  diminishing  from  20  to  13-5  feet,  as  may  be  found 
by  calculation.     80  that  the  figures  are  in  no  way  similar  to  each  other. 

To  facilitate  calculations  of  earthwork,  many  books  of  tables  have  been 
published,  such  as  Sir  John  Macneill's,  Bidder's,  Bashforth's,  and  others, 
generally  depending  on  some  or  others  of  the  formulas  given  in  this 
Chapter. 

200.  Setting  out. — In  all  cases  whether  contracto^^re  employed  or 
not,  the  Kngincer  is  expected  to  set  out  his  own  work  upon  the  ground  for 
executicm ;  so  that  the  responsibility  of  its  form  or  shape  rests  upon  himself. 
This  setting  out  is  performed  by  driving  stakes  at  the  corners  or  angies,  aud 
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trapesEoidnl  solid  whose  length  is  100  feet,  width  1  foot,  and  whote  depths 
unins  ;  and  are  intended  to  be  applied  to  the  central  part  of  any  catting  ex- 
>  I  slopes  whose  heights  arc  shown  as  before. 
ibles  : 
height  in  the  left  hand  vertical  colamn,  and  refer  to  the  intersection  of  the 

base  of  the  cutting  and  the  red  figures  by  the  ratio  of  the  slopes,  and  the 

XAMPLE. 

;>rc8entod  by  Fig.  1,  and  crom  section  by  Fig,  2. 

which  initort  in  the  cohimna  a  and  6  ot  the  following  scheme ;  at  the  Interaection  of  the 
I  to  the  cud.  Then  multiply  the  sum  of  the  uumbers  in  a  by  30,  the  width  of  baat  and 
hese  products  will  t)e  the  required  contonta. 
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Hulghta. 

a. 

b. 

0) 
14 
14 
17/ 

20f 
iWl 
15/ 
15i 
10/ 
10 
5 

I) 

700 
1550 
1850 
1750 
1750 
750 
S50 

6533 
24100 
84300 
80833 
80833 

C833 
833 

Totals, 

8100 

118265 

8100  X  90  =  243000  =  content  of  centre. 
116265  X  i|  =  177397  =         „         slopef. 

i203<J7  =  total  content. 


The  Slope  Table  is  used  for  finding  the  areas  of  elopes,  the  flgnree  In  oolumn  B 
beinsr  the  ratio  of  the  slope.  *-  .  e 

To  find  the  area  of  the  slopes  of  a  cutting  or  embankment,  mnltiply  the  total  of 
column  a  by  the  tubular  number  CN)  correuponding  to  the  slope  ratio,  and  double 
the  product  will  be  the  area  of  both  slopes. 

EXAMPLE. 
10000  X  1-8  X  2  =  36000  required  wca. 


700 

4900 


650 

4233 


600 

3G33 


550 

3100 


500 

20.33 


450 


223.' 


400 

1900 


350 

1633 


70 


600 

3G00 


550 
3033 


500 
2533 


450 

2100 


400 

1733 


350 

M33 


300 

1200 


500 

2500 


450    400 

2033  I  ICOO 


400 
1G33 


350 

1300 


300 

1033 


250 

833 


60  1  50 


350 
1233 


300 
933 


250 

700 


200 
533 


4-0 


300 

900 


250 
633 


200 
433 


150 

300 


30 


SLOPE  TABLE. 


B. 

W. 

k 

1-03 

1 

110 

i 

1-S5 

I 

1-41 

\\ 

1-SO 

t 

SIS 

n 

»70 
3  16 

3 

34 

364 

4ia' 

4 

4 

4-61 
&09 
6-06 

& 

6 

200 
400 


150 
233 


100 
133 


20 


100 

100 


50 
33 


10 
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a  line  or  cord  from  one  stake  to  the  other,  to  obtun  right  lines, 
I  aftervrards  marked  bj  pegs  or  small  stikes  driven  cloAe  to  the 
)re  it  is  takt*n  np  to  set  out  another  lengtli.  Or  what  is  much 
le  line  maj  be  marked  either  Uiroughout  its  own  length,  or  at 
iterrals  hj  "  nicking  out,  '*  or  bj  what  in  India  is  called  making  a 
irbich  consists  in  notching  the  ground  along  the  line  bj  means  of 

to  a  depth  depending  on  the  nature  of  the  soil,  the  notch  being 
J  obliterated  in  hard,  than  in  soft,  soil. 

a  square  or  right-angle  has  to  be  set  out  on  the  ground,  as  in 
iie  foundations  for  square  buildings,  or  for  forming  square  potids 
jirs,  il  msj  be  done  by  the  surveyor's  cross,  or  by  a  theodolite, 
«ted  to  a  picket-staff  placed  in  the  direction  of  one  line  or 

then  on  turning  the  instrument  a  quarter  round  or  90^,  the 
3f  a  second  staff  will  be  obtained ;  and  the  vertex  of  the  angle 
\t  that  point  indicated  by  a  plummet  let  fall  from  the  centre  of 
iment.  The  most  usual  method,  however,  of  setting  out  right 
i  the  ground,  is  by  an  instrument  usually  possessed  by  workmen, 
;,  that  u  easily  made,  called  a  gtvund  square.  It  is  merely  two 
sdged  strips  of  board  about  five  or  six  feet  long,  the  two  ends  of 
e  so  united  together  as  to  form  a  right  angle,  (as  in  figure)  and 
held  in  the  position  by  another  similar  strip  nailed  diagonally 


ff 


other  two.  To 
I  square  for  set- 
a  right  angle, 
line  ab  in  the 
of  one  of  the 
ades.  Fix  the  ^ 
here  the    right 

to  occur  in  that  line,  by  driving  a  stake  as  at  c,  and  fix  another 
L  Then  apply  one  side  of  the  square  close  to,  or  parallel  to  the 
t,  letting  the  point  of  the  square  coincide  with  the  stake ;  strain 
*  line  close  to  the  other  side  of  the  square,  and  fix  its  end  to  a 
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stake  d;  then  reverse  the  instmment,  and  if  the  lines  coincide,  the  sqa 
may  be  remored,  and  the  right-angle  indicated,  may  be  marked  m  1 
ground.  If  otherwise,  divide  the  angle  formed  by  the  two  lines,  aad  II 
line  so  divi«)ing  it  will  be  the  |>erpendicular  required*.  If  a  aunbtfl 
other  angles,  differing  from  right  angles,  hare  to  be  set  out  for  tboit  dh 
tances,  similar  implements  to  thiit  described,  may  be  made  for  the  psipOM 
but  this  will  be  unnecessary,  unless  they  are  numerous.  In  general,  Im 
ever,  all  angles  that  differ  from  right  angles,  are  set  out  by  the  thcodulill 
Perpeiiiiiculars  to  any  given  line  may  also  be  set  out  on  the  grouod  If 
md^t  of  the  problems  by  which  they  can  be  drawn  on  paper,  using  a  DM- 
suring  chain,  tape,  or  knotted  cord,  in  the  place  of  compasses.    * 

201.  Centre  Line, — In  setting  out  a  piece  of  earthwork  such  as  a  rod 
or  canal,  the  first  thing  laid  down  is  the  centre  line.  Pegs  should  bedrirfl 
along  it  at  intervals  of  from  200  to  50  feet  apart,  according  as  the  oomta) 
is  level  or  hilly ;  the  heads  of  these  pegs  should  be  flush  with  the  gnxaJi 
and  the  levelling  staves  should  be  placed  upon  them  in  levelling  the  e«ln 
line,  which  is  the  next  thing  to  be  done.  To  estimate  the  deplkd 
excavation  or  the  height  of  embankment  required  at  each  peg,  a  loagitoi- 
nal  section  of  the  central  line  must  be  plotted  on  paper ;  and  the  /bimoCiM 
liney  that  is,  the  surface  line  of  the  earthwork,  to  be  executed,  sueb  sitii 
surface  of  a  road  or  the  bed  of  a  canal,  must  be  drawn  on  this  section.  A 
little  calculation  will  then  show  how  many  feet  above  or  below  the  grooal 
the  formation  line  will  be  at  each  peg.  Having  obtained  this  depth  tb< 
half-breadths  may  either  be  calculated  from  the  formulas  in  para.  194 ;0i 
they  may  be  found  as  follows. 

202*  To  set  out  Side  Widths, — The  formulae  given  above  for  findiiH 
the  side  widths  of  any  embankment  or  cutting,  though  useful  in  ofBcaesl 
culations,  would  not  be  generally  applicable  in  actually  setting  out  eitf>* 
a  Railway  or  Canal,  for  the  two  following  reasons — 1st,  That  gtovaoA  ^ 
seldom  found  to  fall  with  so  regular  a  slope  as  to  allow  the  formula  to  ^ 
used,  since  the  least  deviation  from  the  slope  that  has  been  assumed,  flO' 
as  a  hillock  or  mound,  will  throw  the  widths  out ;  2ndly,  That  as  eP 
sections  at  each  chain  stump  must  be  taken  in  order  to  find  the  slope  (^ 
the  formula),  it  is  easier  to  plot  the  section,  and  take  the  side  widths  off 
scale,  than  to  investigat<3  them  mathematicHlly. 

There  are  two  methods  usually  adopted  in  practice,  their  use  depenaS 
a  good  deal  on  the  nature  of  the  ground.     If  the  slopo  be  so  abni]^ 
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wooded,  that  one  or  two  settings-up  of  the  level  will  not  command  the 
whole  length  of  the  cross-section,  it  is  perhaps  easier  to  take  the  croRS 
sections  as  best  one  can,  and  after  plotting  them,  to  take  the  side  widths 
off  by  scale,  and  lay  them  down  in  a  second  operation  on  the  field.  Bat 
in  any  moderately  level  ground,  the  following  method  will  be  found  by 
far  the  easier,  involving  as  it  does  but  one  operation,  and  giving  results 
as  correct  as  the  nature  of  the  case  admits. 

Let  the  line  EH  represent  the  natural  surface  of  the  ground  at  the 

cross  section ;  it  will  readily  be  perceiv- 
ed that  the  real  half-width  GF  is  much 
shorter  than  the  horizontal  or  computed 
half-width  AC,  because  the  ground  is 
depressed  on  that  side;  and  the  half- 
width  CI  on  the  other  side,  greater,  the 
ground  there  being  elevated.  The  problem  is  to  determine  exactly  the 
distances  GF  and  CI.  First  let  us  suppose  the  point  £,  or  the  distance 
CF,  to  be  known,  and  that  with  a  level  we  determine  the  difference  of 
level  between  the  points  C  and  £,  (t.  e.,  the  line  FE) ;  then  we  have  a 
small  right-angled  triangle  AEF,  of  which  EF  is  determined,  being  the 
difference  of  level,  and  the  ratio  of  AF  to  FE  is  known ;  therefore  the 
side  AF  is  known,  which  subtracted  from  the  computed  half-width  AC, 
gives  CF,  the  required  distance. 

203.  However,  we  have  been  supposing  that  the  point  E  is  known, 
whereas  that  point  is  the  object  of  our  search ;  in  practice  therefore  we 
proceed  thus : — 

Take  the  computed  half-breadth,  and  if  the  ground  is  depressed,  let  a 
levelling  staff  be  held  somewhat  nearer  the  centre  line  than  the  computed 
half- width  for  an  approximation  to  the  point  E  :  then  determine  the  dif- 
ference of  level  between  this  assumed  point  and  the  centre  point  C ;  multi- 
ply this  difference  of  level  by  the  ratio  of  the  slopes,  and  subtract  the  result 
from  the  computed  half- width.  If  the  remainder  be  equal  to  the  distance 
of  the  staff  from  the  centre  line,  our  assumed  point  is  correct;  but  if  not 
the  operation  must  be  repeated  till  the  two  agree,  or  very  nearly ;  remem- 
bering in  our  present  case  of  depressed  ground,  that  if  the  remainder  is 
greater  than  the  distance  of  our  staff  to  the  centre  line,  that  the  staff  has 
been  held  too  near;  and  vice  versd. 

For  example,  suppose  depth  of  cutting  to  be  20  feet,  slopes  2  to  1,  base 
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SB  feet,  and  therefore  the  computed  half- width  CA,  58  feet ;  tl 
teiDg  depreffsed,  we  estimated  that  the  point  E  might  fall  she 
compated  half- width  2  feet ;  we  therefore  directed  levelling  staff 
at  56  feet  from  the  centre  stump  0,  at  which  point  another  staff 
and  bj  means  of  a  level  set  up  at  a  convenient  distance,  we  fonni 
ference  of  level  between  these  points  to  be  0*37  feet,  which  mult 
the  ratio  of  slopes  2  to  1,  gave  1*74  to  be  subtracted  from  the  < 
half-width  58  feet,  giving  a  remainder  5jS'26  feet,  which  differs  ( 
our  trial  distance.  This  remainder  being  greater,  the  staff  wai 
to  be  held  a  little  further  out  at  56*20  feet  from  the  centre, 
difference  of  level  was  again  taken,  (or  rather  we  should  saj 
was  again  read  off,  as  the  level  had  not  been  disturbed)  and 
he  0*91,  which  multiplied  by  the  ratio  of  the  slopes  gave  1*82  t 
tracted  from  58  feet,  leaving  56*18  for  the  second  approximatio 
differing  only  0*02  from  the  trial  distance,  was  adopted  as  the  cor 
width  for  the  depressed  side. 

When  the  ground  is  elevated  above  the  horizontal  line,  as  shoi 
right  side  of  the  figure,  the  mode  of  operation  will  be  precisely  t 
except  that,  instead  of  holding  the  staff  at  a  leas  distance  than 
puted  half-width,  it  must  de  held  at  a  greater  distance  to  get  the 
by  approximation. 

204.    In  the  case  of  an  embankment;  the  real  half- widths  beii 

the  elevated  side,  and  greate 
depressed  side  than  the  compu 
widths,  we  must,  in  the  fon 
have  the  staff  held  at  a  less 
and  in  the  latter,  held  at  a  gn 
tance,  from  the  centre,  than 
computed  half-widths,  in  order  to  get  an  approximation  to  H  aj 
all  other  respects,  the  operation  is  exactly  the  same. 

The  process  above  described  may  appear  to  the  reader  a  ver} 
one ;  it  perhaps  is  so  to  read,  but  a  little  practice  will  convince  hi 
is  a  very  expeditions  method,  for  in  most  cases,  one  setting  up  of 
will  answer  for  several  stations,  and  the  multiplications  by  the  ral 
slopes,  upon  such  small  numbers  as  mostly  occur,  are  easily  pe 
especially  if  it  be  an  even  number,  such  as  2  to  1,  3  to  1,  &c 
The  colunms  of  the  field-book  may  be  arranged  as  in  the  i 
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■ipl«,  for  nuddng  the  calcDlatione  in  the  field,  or  nuy  be  tbridged  at 
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1 

3. 
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1 

Lerel  Rndiuga. 

DUrenn«-|. 

DKrenma  ntfo 

ffiS. 

h 

^. 

Cwln.   Elglil. 

Lgft.      Rigbt. 

l*ri.    Bight, 

Leo. 

Bight 

11 

16-97 

5I-H 

3'96 

7-60     10-90 

-  3-54  +  8-40 

-7-08 

+  6-80 

44-86 

68-74 

306.  The  mont  convenient  inetrumcnt,  not  onl;  for  getting  ont  road 
OKMiilwork,  bnt  for  meaaoring  it  when  finished  or  in  progreas,  is  the 
k^b;  pocket  tape ;  which,  for  thia  purpose  should  be  divided  into  feet 
Dd  inches  on  one  aide,  and  into  yards  dirided  into  hundredths,  and  num- 
bnd  at  every  tenth  division,  on  the  other.  Such  tapes  are  fitted  np  in 
)<*l&er  caoee,  with  ftbraas  winch  to  wind  them  by,  and  a  ring  to  pass  the 
i*gti  through  and  hold  the  tape  at  its  extreme  end.  The  ring  counts 
nlodHmeunrement,  and  in  using  the  tape  the  Engineer  should  retain  the 
nxiabia  hand,  and  give  the  ring  to  his  assistant  (o  hold  against  the  point 
it  ba  measured  from,  by  which  means  he  has  the  figures  that  give  the  re- 
Wtof  tiie  meaanrement  constantJj  under  his  eye.  The  measuring  tape 
iia  otoat  niefbl  implemeut  to  the  Engineer  in  many  of  bis  operations,  and 
■  the  tape  soons  wears  out  by  use  while  the  leather  box  and  winch  aro 
*«i»bto,  every  Engineer  should  know  how  to  prepare  his  own  tapes  for 
mnral.  The  beet  and  strongest  thread  tape  (not  cotton)  should  be  pro- 
vtncl,  half  or  five-eighta  of  an  inch  wide.  This  shonld  be  tightly  stretch- 
ed in  long  lengths  between  poles  in  the  open  air,  in  which  poeition  it  is 
printed  on  both  sides  with  white  lead  ground  in  oil,  such  as  is  used  for 
beoM-piinting,  and  left  until  it  gets  quite  dry.  It  is  then  bronght  in  and 
'''^  open  a  long  table  for  division  by  scale  and  compasses,  and  the  divi- 
oou  being  marked  in  pencil,  are  afterwards  finally  put  in  with  black  oil 
''*'''*i  Used  with  a  pen  made  of  a  dry  reed.  The  large  divisions,  laoh  as 
™>  y*tAs,  &c.,  are  usually  marked  with  vermilion  ground  in  oil,  in  order 
^  ^vj  be  more  distinctly  seen. 
'OQ.    It  ia  evident  that  although  the  central  line  of  stakes  by  which  » 
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road  or  canal  has  been  set  out  must  be  regular,  this  can  never  be  the  ea 
with  the  exterior  or  side  bank  stakes,  which  mast  always  stand  in  in 
gular  or  zig-zag  lines  unless  they  are  on  perfectly  level  ground ;  nofcwid 
standing  which,  the  work  set  out  by  them  will  be  straight  and  rcgob 
when  finished,  and  brought  to  one  uniform  height.  Indeed,  the  fMse  of  i 
country  is  often  so  altered  by  the  excavations  and  embankments  of  lii|i 
public  works,  that  its  inhabitants  scarcely  know  it,  and  the  EngiBN 
himself  would  frequently  be  puzzled  in  the  measurement  of  thewoikdoH^ 
from  his  inability  to  distinguish  between  its  former  state  and  the  neai 
alterations,  were  not  certain  marks  made  and  left  for  this  purpose.  It  i 
on  this  account  that  certain  conical  masses  with  grass  and  stakes  on  tiMi 
tops,  termed  bench-marks^  by  the  Engineer,  and  mutams  by  the  natifeioi 
these  provinces,  are  generally  found  standing  in  the  middle  of  canals,  iMS* 
voirs,  and  other  excavations,  particularly  in  uneven  countries,  in  foxm  Eb 
^  in  the  figure.    Their  use  is  to  mark  what  was  the  surface  of  the  gfoonl 

before  it  was  touched;  fo 
they  are  not  built  up,  be 
consist  of  some  of  the  icstB 
er  soil  left  standing  hj  dii 
ging  the  earth  away  aion] 
them.  The  grass  growii 
upon  them  is  the  grass  of  the  original  surface,  which  having  been  o 
toached,  continues  to  vegetate  and  prevents  any  deception  being  practis 
as  to  the  actual  former  height  of  the  soil,  when  the  quantity  of  excavati< 
is  measured  after  its  completion. 

These  little  hillocks  likewise  serve  to  preserve  the  positions  of  the  oenti 
line  of  stakes  by  which  the  work  has  been  set  out;  for  they  are  usually b 
round  those  stakes  or  round  every  second  or  third  as  may  be  necessary, 
as  to  give  the  Engineer  an  opportunity  of  levelling  at  any  future  time  fine 
the  original  centre  stakes,  or  measuring  distances  from  them  to  the  si 
banks,  or  taking  the  depth  of  the  cutting.  And  they  are  never  remov 
until  the  work  has  been  measured,  and  is  in  such  a  state  of  forwardness 
to  render  their  longer  retention  useless. 

It  sometimes  happens  that  the  cutting  or  excavation  for  a  road  or  cafl 
is  very  deep,  and  wide  at  the  top,  as  when  a  hill  has  to  be  passed  throng 
and  in  that  case  these  bench-marks  cannot  be  left,  for  their  base  would 

•  Not  to  be  conlounded  with  the  bench-marks  used  in  Levelling. 
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necessity  be  so  large  as  to  block  up  the  lower  part  of  the  work ;  in  snch 
places  the  surface  of  the  ground  can  only  be  determined  by  carefully  leyel- 
ling  it  previous  to  beginning  the  excavation.  For  if  any  hollow  or  protu- 
berance in  the  natural  ground  exists,  either  on  a  hill  or  any  other  place 
that  has  to  be  cut  through,  it  may  make  a  considerable  addition  to,  or  ab- 
straction from  the  quantity  of  earth  to  be  removed,  and  is  frequently  a 
source  of  dispute  with  workmen. 

207.  When  the  extreme  sides  or  lines  of  a  portion  of  earthwork  have 
been  set  out,  nothing  more  is  necessary  in  order  to  produce  the  figure  or 
form  required,  than  to  desire  the  workmen  to  proceed  and  carry  up  or 
down  the  slopes  with  an  inclination  of  two  to  one,  or  any  other  degree  that 
may  have  been  previously  arranged ;  but  it  may  not  be  obvious  how  the 
necessary  correctness  of  slope  is  to  be  obtained  and  preserved.  This  is 
done  mechanically,  either  by  means  of  an  implement  called  a  be9il  plumb 
ruUj  or  by  a  clinometer. 

The  bevil  plumb  rule  shown  in  figure,  consists  of  three  strips  of  board  a, 

b  and  c,  framed  together  in  the  form  of  a 
triangle,  the  piece  a  being  a  common 
plumb  rule  and  plummet,  such  as  is  used  by 
bricklayers,  and  which  being  held  upright, 
the  piece  c  is  so  fixed  as  to  represent  the 
slope  required  for  the  bank,  and  b  is  merely 
a  brace  for  retaining  the  other  two  pieces  in  their  proper  angular  position, 
and  therefore  need  not  make  a  right  angle  with  a,  though  it  will  be  better 
that  it  should  do  so,  because  the  implement  then  becomes  useful  for  other 
purposes.  For  instance,  it  may  be  used  as  a  ground  square,  as  in  figure 
page  231,  and  by  having  a  large  hole  for  the  bob  to  play  in  at  each  end  of  the 
plumb  rule,  the  instrument  may  be  reversed  by  making  b  the  bottom  rail, 
and  then  it  becomes  a  useful  level  for  testing  the  level  parts  of  the  work. 
The  sloping  side  c,  ought  to  be  at  least  three  feet  long ;  and  separate  in- 
struments of  this  description  will  be  necessary  for  each  particular  slope,  if 
more  than  one  should  be  adopted.  Having  such  an  instrument,  there  will 
be  no  difficulty  in  giving  the  necessary  slope  to  the  banks.  Thus,  in  Fig,  1, 
page  216,  suppose  A  to  be  the  exterior  stake  at  which  the  slope  is  to  termi- 
nate. The  workman  begins  by  opening  a  hole  of  about  a  foot  or  eighteen 
inches  wide  between  A  and  G,  taking  care  to  give  sufficient  slope  to  the 
side  AD ;  when  deep  enough,  say  a  foot  or  two,  the  lower  point  of  the 
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beyil  plamb  rale  is  introdaced  into  this  hole ;  and  its  side  c  is  broaght . 
contact  with  the  slope  AD ;  and  then  if  the  plammet  on  the  mle  coind 
with  the  line  upon  it,  the  slope  is  right ;  if  not,  it  must  be  altered  ontSl 
accordance  takes  place.  That  done,  another  similar  hole  is  opened  al 
next  outer  stake  a  few  yards  in  advance,  and  is  proved  and  adjusted  im  I 
manner,  when  the  intermediate  earth  maj  be  boldly  taken  away,  imtfll 
excavation  approaches  very  closely  to  the  lines  so  set  out,  and  when  tU 
the  case,  more  care  and  caution  are  required  to  pare  away  the  etrth : 
exact  accordance  with  them,  and  the  bevil  rule  is  frequently  applied  1 
ascertain  that  the  work  is  correct.  By  the  same  process  the  slopes  ani 
out  and  adjusted  on  the  other  side,  and  throughout  the  length  of  d 
work. 

208.     The  Clinometer  consists  of  a  quadrant,  AB  of  about  2  iDflh 

^  in    radius  attached   to    a  flat   bar  CD,   6  inch 

long.     The  quadrant  is  graduated  from  B  to  i 

and   adjoining  the  divisions  may  be  inserted,  if  n 

quired,  the  corresponding  ratio  of  the  slopes  1  \ 

1,  &c.     An  index  bar,  E,  turns  upon  the  centn  < 

the  quadrant,  and  carries  a  spirit  level.    At  F : 

a  hinge  by  which  the  bar  can  be  folded  op  u 

carried  in  the  pocket.     The  method  of  using  this  ii 

strument  is  so  evident  as  to  require  no  explamtio; 

209.    Although  by  the  bevil  plumb  rule  and  d 

nometcr,  earthwork  may  be  executed  of  any  reqnin 

cross  section,  some  other  means  must  be  takea 

guide  the  workmen  in  forming  the  longitudinal  section  of  a  work,8ai 

as  a  road,  where  the  slope  will  rarely  exceed  1  in  30,  and  will  generally  1 

much  less.  For  a  be^ 
rule,  where  h  (see  figai 
page  237,)  is  50  times 
would  require  to  be  of 
most  unwieldy  size  to 
of  any  use.  For  tl 
purpose  a  large  Mason's  Level  may  be  used,  as  shown  in  the  above  fign 
The  beam  ab,  is  placed  truly  horizontal  by  raising  or  depressing  c 
end  till  the  plumb  bob  suspended  from  d  falls  exactly  on  c.  At  t 
end  of  the  limb  b  is  fixed  a  gauge  be^  at  right  angles  to  it,  which  1 
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of  a  screw  can  beVaised  or  depressed.     So  if  a  slope  of  1  in  60  is 

nqiured,  and  ab  be  5  feet  long,  be  will  be  fixed  at  one  inch  (  =:  ^th  of 

ft  feet) ;  and  pegs  driven  flush  with  a  and  e  will  so  far  determine  the 

'  dope  of  the  road.     The  leyel  may  then  be  carried  on,  and  a  placed  over 

ftip^  which  was  driven  at  e,  and  so  on  for  20  or  30  feet,  and  then  a 

Mng  drawn  tightly  over  those  pegs  and  produced,  will  give  the  slope  for 

■J  length  in  advance. 

910.    Another  method  of  laying  do?m  a  longitudinal  slope  is  by  what 
kM  nlled  boning  staves. 

Btese  are  upright  rods  all  of  one  length  having  cross  bars  at  right  an- 
;  [^  to  their  tops  in  a  X  shape.  By  means  of  a  levelling  instrument,  two 
p^  are  driven  in  the  centre  line  at  about  50  feet  apart,  with  their  heads 
;  mAj  in  the  required  slope.  On  these  pegs  two  boning  staves  are  placed 
nth  their  cross  bars  lying  at  right  angles  to  the  centre  line,  and  a  third  is 
kldi^nght  at  any  point  in  the  cutting,  in  the  same  line  as  the  other  two; 
'  vhen,  if  the  level  of  the  cutting  be  on  the  required  slope,  the  heads  of 
,  tb  three  boning  staves  will  be  in  one  straight  line.  In  this  manner  the 
CBtting  may  be  carried  on  at  a  uniform  rate  of  inclination ;  but  whether 
imuon's  level  or  boning  stave  be  used,  pegs  ought  to  be  driven  at  fre- 
quent intervals  along  the  centre  line,  with  their  heads  ranged  exactly 
n  te  slope  by  a  levelling  instrument,  to  cheek  the  work,  otherwise 
ttve  is  very  apt  to  be  an  error  made. 

Li  forming  embankments,  profiles,  are  generally  erected  at  intervals  to 
poA»  the  workmen.  For  this  purpose  upright  bamboos  or  other  stakes 
se  fixed  in  the  ground  at  every  angle  of  the  cross  section,  and  its  form  is 
^omi  by  a  string  fastened  down  to  the  ground  at  each  end,  and  to  the 
>tike6  between  at  the  desired  heights.  The  earth  is  then  filled  in  till  its 
•■Aoe  comcides  with  the  profiles. 


CHAPTER    IX. 
TOOLS  AND  EXECUTION. 

211.  The  implements  required  for  the  execution  of  ordinarj  em 
work  maj  be  divided  into  three  classes.  Ist,  Those  required  to  loc 
and  detach  the  soil  from  its  natural  position;  2nd,  Those  required 
raise  the  loosened  soil  from  its  bed,  and  place  it  in  (3rd)  the  Tehide 
removing  it,  and  depositing  it  where  it  is  wanted. 

Digging    Tools. — Where  the  soil  is  loose,  the  same  tool  wl 
detaches  it  maj  be  used  to  raise  it  and  put  it  into  the  Yehide 
quired    to   move   it.      A  spade, 
shovel,  or  the  large  bladed  hoe, 
termed  a  phaora,  will  do  for  either 
of  these  works. 

Pickaxe, — Where  the  soil  is 
stiff  and  firm,  it  must  be  broken 
up  by  a  more  powerful  tool ;  and 
for  this  purpose  a  pickaxe  is 
used,  made  of  iron  with  two 
points  of  steel  welded  on  to  it,  and 
bent  into  the  form  shown  in  the 

marginal  figure.  For  ordinary  excavation  it  should  be  double  ended,  wi 
an  equal  quantity  of  metal  in  each  end,  so  as  to  balance  well  in  the  hai 
Two  feet  from  point  to  point  is  considered  the  most  convenient  leng 
and  the  metal  should  not  weigh  more  than  ten  or  twelve  pounds ;  if  hei 
ier,  it  fatigues  the  workman  without  an  equivalent  advantage  in  wo 
and  most  men  prefer  this  tool  chisel-pointed,  and  about  an  inch  wi 
instead  of  being  quite  sharp.  The  common  fault  in  pickaxes  as  usiu 
made,  is  a  want  of  sufficient  depth  and  strength  in  the  eye  or  sod 
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Fig,  I.         Fig.  2. 


throngh  TErhich  the  wooden  handle  passes,  for  in  this  place  they  nsnally 
fail  or  break.  The  side  plates  that  form  the  eye,  ought  not  only  to  be 
thick  for  strength,  bat  should  be  at  least  three  and  a  half  or  four  inches 
from  D,  to  E  in  order  to  admit  of  the  handle  being  well  fixed ;  for  the 
operation  of  this  tool  is  a  wrenching  one,  and  unless  this  construction  is 
attended  to,  the  handles  are  constantly  breaking  or  getting  loose,  which 
proves  very  troublesome.  Pickaxes  frequently  require  sharpening  and 
repairing ;  if  therefore  there  is  no  blacksmith  in  the  immediate  yicinity  of 
the  work,  a  portable  forge  should  be  provided  to  accompany  it. 

212.  The  shovel  most  approved  is  what  is  called  heart-shaped,  as 
shown  in  figure,  instead  of  straight-edged,  though  some  of  both  sorts  ar® 
useful ;  they  are  sometimes  used  with  a  long  handle,  but  the  crook  handle 
as  shown  in  the  figure,  is  a  stronger  and  cheaper  form.    For  actual  digging 

upon  the  surface,  particularly  in  clay  or  soft 
ground,  a  scoop  tool,  of  the  form  shown  at  Fig, 
2  is  preferred.  It  is  made  like  a  common  gar- 
den spade  bent  into  a  curved  form,  and  in  using 
it,  it  is  advantageous  to  have  a  tub,  or  puddle 
of  water  formed,  into  which  the  tool  is  fre- 
quently dipped,  to  prevent  stiflf  clay  or  loam 
from  sticking  in  the  hollow  of  the  scoop.  In 
using  a  shovel  or  spade  of  any  sort,  the  foot 
must  of  Course  be  protected  by  a  shoe  or 
wooden  soled  sandal.  Natives  of  the  Punjab 
use  the  spade  in  preference  to  the  phaora  ; 
and  Hindoostani  Sappers  and  Miners  dig  well 

with  it.     It  might  probably  be  introduced  without  much  difficulty  into  all 

parts  of  this  country. 

213.  Under-cutting. — The  ordinary  process  of  digging  consists  in 
loosening  the  soil  upon  the  surface,  and  taking  it  up  by  single  shovel  or 
spades-full,  which  "  navigators"  (as  the  best  class  of  skilled  excavators 
are  called  in  England)  term,  underhand  working ;  but  they  adopt  also  a 
more  expeditious  method  of  proceeding,  called  under-cutting,  by  which 
much  labor  is  saved.  The  first  hole  or  opening  must  be  made  in  the 
ordinary  manner,  but  instead  of  working  on  the  surlace  and  digging  over 
it  one  spade  deep,  and  then  beginning  and  taking  another  spade's  depth, 
they  go  to  the  full  depth  of  the  work,  provided  it  is  not  more  than  six  or 
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seven  feet ;  taking  care  to  form  the  sides  to  their  intended  slo 
keeping  the  front  or  side,  on  which  the  excayation  is  to  proceec 
perpendicular,  or  without  any  slope  at  all.  The  hottom  of  the  ho 
leyelled  and  tried,  the  bwer  part  of  this  front  or  hreast,  as  the] 
is  nndermined  or  dag  away  by  the  pickaxe  and  shoyely  to  abou 
from  the  bottom,  keeping  the  bottom  as  level  and  as  nearly  in  iti 
range  as  possible.  The  side  slopes  are  treated  in  the  same  ma 
worked  into  the  front  about  the  same  depth,  the  consequence  of  i 
that  a  large  onass  of  the  earth  of  the  front  remains  without  an 
support  than  that  which  it  derives  from  its  cohesion  or  adhesio] 
earth  behind  it,  and  large  masses  therefore  first  crack  or  sepan 
fall.  If  they  do  not  separate  as  readily  as  the  workmen  wish,  two  < 
large  wooden  wedges,  shod  with  iron,  are  carried  to  the  surface,  an 
placed  a  foot  or  two  behind  the  front  or  breast,  are  struck  wit] 
wooden  mauls,  and  this  never  fails  to  detach  large  masses  of  tl 
which,  by  the  concussion  of  their  fall  are  broken  in  pieces  sufficient] 
to  be  taken  up  into  the  barrows  for  removal.  This,  though  an  i 
tious  process,  is  one  that  is  attended  with  some  danger  to  the  woi 
and  therefore  requires  to  be  conducted  with  care.  For  the  cracks 
sures  that  always  precede  the  detachment  of  a  mass  of  soil,  are 
times  unseen  or  unheeded  by  the  workmen,  and  masses  fall  when  t 
not  expected  to  do  so,  and  crush  or  maim  the  men  beneath.  < 
account  a  front  or  breast,  of  more  than  about  six  feet,  should  nc 
worked  ;  but,  when  the  work  is  deep,  the  upper  breast  may  be  ke 
or  five  yards  in  advance  of  the  lower  one,  with  a  flat  surface  1: 
for  the  soil  to  fall  upon,  and  deep  cutting  is  almost  always  8 
ducted. 

214.  The  phaora  is  too  well  known  in  this  country  to  require 
description.  As  it  is  wielded  entirely  by  the  arm,  the  laborer  requi 
protection  for  his  foot,  as  he  does  in  using  a  spade  or  shovel ;  as 
case  of  the  pickaxe,  it  is  apt  to  give  way  at  the  socket  through  wh 
handle  passes. 

216.    Wheel-Barrows.— The  common  form  of  wheel-barrowi 
boarded  sides,  will  not  answer  at  all  for  the  work  of  excavatioi 
barrows  being  too  heavy  in  themselves,  and  very  inconvenient  for 
ing  to  discharge  the  soil.     The  best  form,  and  that  constantly  x 
England  for  this  work,  is  shown  in  the  marginal  figure ;  it  is  very  si 
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Mitxeeediiig  6  inches  in  depth,  its  foar  sides  splaj  open,  or  nuJce  angles 
li  ■bout  45®  with  the  bottom,  in  consequence  of  which  the  soil  is  very 
wB|  disdiirged  from  it;  bnt  its  principal  advantage  is  in  the  shortness 

of  the  axis  of  the  wheel,  (which 
should  be  of  cast-iron,)  which  al- 
lows a  facility  of  turning  out  the 
contents  that  cannot  be  obtained 
if  the  axis  is  long.  The  firame  of 
the  barrow  is  constructed,  by  mort- 
ising threecross bars  strongly  into 
the  two  side  rails  which  form  the 
handles,  and  come  so  close  toge- 
ther at  their  opposite  ends  as  jast 


f 


f 


the  wheel  between  them.  The  box  of  the  barrow  is  separately 
Mde  aod  fixed  on  to  its  place,  as  indicated  by  dotted  lines  in  the  figure. 
If  Kraw  bolts,  with  nuts  underneath ;  and,  as  the  box  soon  wears  out  by 
1N^  one  frame  will  last  for  several  successive  boxes.  The  pivots  of  the 
«M  nm  in  iron  eyes,  fixed  by  screw  bolts  under  rails,  so  that  they  like- 
vIm,  em  be  removed  when  worn  out.  A  barrow  of  this  kind,  shallow  as 
it  my  appear,  will  contain  quite  as  much  soil  when  heaped  up,  as  a  man 
oaeoiivey  with  convenience,  when  working  throughout  the  day.  And 
fc  mere  frame  of  the  barrow,  without  its  box,  is  very  useful  for  convey- 
iagflitbuildrng  stones,  or  short  pieces  of  timber,  that  will  lie  on  it  with 
nKTadence. 

Burows  of  the  above  kind  were  employed  on  the  Ganges  Canal  works 
it  Boorkee.  The  natives  used  with  it  a  shoulder  strap  to  ease  the 
nveieB  of  the  arm. 

Bie  barrows  should  not  be  wheeled  upon  the  ground,  but  8-inch  planks 
ttoold  be  used  to  form  level  tracks  or  inclined  planes  to  run  them  upon ; 
ttd  for  this  purpose,  when  the  plank,  or  one  or  both  of  its  ends  cannot 
M  upon  the  ground,  they  are  propped  or  raised  to  the  required  height 
*od  inclination  by  blocks,  or  a  kind  of  stool  with  long  legs,  called  tressels 
wkones.  Planks  of  about  20  feet  long  are  preferred  when  they  can 
^  Qfted,  not  only  to  obviate  a  frequent  repetition  of  joints,  but  because 
*V  tre  more  easily  fixed  and  supported.  The  beaHngs  should  not,  how- 
^  be  too  distant,  because  a  plank  should  not  spring  or  vibrate  while 
Shaded  barrow  is  running  upon  it.    If  it  does  so,  it  should  be  propped 
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or  blocked  up  in  its  central  part.  The  slopes  or  inclined  planes, 
Trbeeling  planks,  should  likewise  be  made  as  flat  as  possible,  for 
the  workman  less  to  run  a  greater  distance  on  a  gentle  slope,  th 
distance  on  one  that  is  steep  ;  their  steepest  inclination  should 
not  exceed  1  in  12,  unless  the  men  are  assisted  by  means  of 
winding  machinery. 

216.  The  usual  distribution  of  hands  in  shifting  earth,  is 
two  at  the  immediate  excavation  to  dig  and  to  fill ;  that  is  to  say 
a  pickaxe  to  loosen  and  break  down  the  soil,  and  the  other  wiU 
to  fill  a  wheel-barrow  that  stands  upon  the  end  of  a  wheeling  p 
to  the  work.  Should  the  soil,  however,  be  very  loose,  one  picl 
be  enough  for  two  shovellers ;  or  on  the  other  hand  should  i 
fitifl,  one  and  a  half  or  two  piokmen  may  be  required  for  one 
Another  man  carries  away  the  loaded  barrow  and  takes  it  a  si 
the  plank,  till  he  meets  a  second  wheeler  returning  on  the  next 
an  empty  barrow.  At  the  termination  of  each  stage,  the  plani 
in  a  double  line  for  a  short  distance,  in  order  that  the  full  a 
barrows  may  pass  each  other  without  interference.  At  the  c 
track  too,  where  the  barrows  are  filled  by  the  shoveller,  ther 
lines  of  planks  laid  in  the  form  of  the  letter  Y,  so  that  the  fi 
may  be  on  one  flank  while  the  empty  one  is  on  the  other,  an< 
wheeled  when  full  alternately,  up  one,  and  down  the  other,  planl 
reach  the  single  track  where  the  earth  is  to  be  deposited.  If  a 
has  to  be  made,  several  planks  should  be  laid  in  a  radiating  forn 
single  one,  in  order  to  distribute  the  earth  by  carrying  it  first  i 
and  then  another.  By  the  above  arrangement  every  man  she 
his  post  when  wanted,  either  with  a  full  or  empty  barrow,  au' 
hands  of  any  extent  may  be  kept  up  regularly  at  work  with 
standing  idle  for  a  moment. 

The  proportion  of  wheelers  to  shovellers  is  generally  est 
England  by  considering,  that  a  shoveller  takes  about  as  long 
ordinary  barrow  containing  1  cubic  foot  of  earth,  as  a  wheele: 
wheel  it  full  a  distance  of  about  100  or  120  feet  on  a  horizor 
and  to  return  with  it  empty.  If  the  full  barrow  has  to  be  whe 
ascent,  each  foot  of  rise  is  to  be  considered  as  much  as  six  addi 
horizontal. 

The  number  of  barrows  required  for  each  shoveller  is  one  mor 
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number  of  wheelers.  An  English  shoveller  will  lift  500  cubic  feet  of 
earth  in  a  day,  but  a  native  workman  cannot  be  depended  on  for  more 
than  one -fourth  of  that  amount. 

Barrow  and  plank  wheeling  is  always  expensive,  and  on  this  ac- 
count it  should  never  be  made  use  of  where  the  length  of  lead  (as  the 
distance  the  earth  requires  to  be  moved  is  termed)  exceeds  three  or  four 
stages.     For  greater  distances,  especially  on  nearly  level  ground,  it  will 
always  be  found  most  advantageous  to  cart  the  soil  by  one  horse  carts, 
built  for  the  express  purpose.     The  kind  of  cart  most  approved  has  only 
three  wheels,  two  being  behind  and  one  before,  the  reason  of  which  is  that 
such  carts  stand  firmly  upon  uneven  ground,  and  will  support  themselves 
without  aid  from  the  horse ;  they  are  light  and  easy  of  draught,  and  they 
turn  in  a  smaller  space  than  any  other  construction  of  cart.     The  frame 
or  carriage  part,  to  which  the  wheels  are  attached,  is  independent  of  the 
body,  and  is  fastened  to  it  by  a  pivot  bar,  very  little  beyond  the  centre  of 
gravity  of  the  body  when  loaded,  so  that  a  very  small  exertion  of  strength 
is  sufficient  to  tilt  the  body  up,  and  cause  it  to  discharge  its  load.     The 
trace-chains  hook  on  indifferently  before  or  behind,  so  that  either  end  of 
the  cart  may  be  made  to  proceed.     One  such  cart  carries  about  as  much 
as  twelve  wheel-barrows,  and  its  average  speed  in  going  and  returning  is 
about  ^th  more  than  that  of  a  barrow,  so  that  each  cart  is  equivalent  to 
about  fourteen  wheel-barrows  in  motion.      In  the  formation  of  roads 
where  small  protuberances  of  soil  have  to  be  cut  off,  and  probably  carried 
a  long  distance  to  fill  up  hollows  for  obtaining  a  uniformly  even  surface, 
such  carts  are  very  useful. 

217.  Tilt  Wagons.— In  all  cases  where  the  work  is  sufficiently  ex- 
tensive, trucks  or  wagons  running  on  iron  rails  should  be  used,  propelled 
by  men,  horses,  or  locomotive  engines. 

Tilt  wagons  are  of  a  variety  of  forms,  some  called  side-tip  or  side-tilt 
wagons,  which  throw  their  load  of  earth  to  right  or  left  of  the  line ;  others 
called  end-tilt,  which  deposit  it  in  front  or  rear,  and  others  again  which, 
by  means  of  a  circular  turn-table  under  the  body  of  the  cart,  can  be  made 
to  project  their  load  at  pleasure  to  any  side.  Another  variety  is  used 
when  the  earth  has  to  be  brought  along  at  a  height  above  the  level  on 
which  it  is  to  be  laid  down  in  layers,  and  when  a  temporary  scaiffold  with 
a  line  of  rails  carrying  the  earth  cart  is  run  out  from  the  completed  por- 
tion of  the  work  over  the  part  in  progress.    The  body  of  the  iragon  fire* 
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qaently  employed  under  such  circumstances  is  made  to  invert  enfii 
throwing  its  load  down  vertically  between  the  rails  on  the  work  below. 

Where  the  enbankment  requires  to  be  only  a  little  broader  than 
rails  on  which  the  wagon  runs,  as  in  ordinary  railway  works,  the  rear 
front  tilt  wagon  is  the  one  generally  employed.     But  where  a  broad  mi 
sive  enbankment  has  to  be  make,  it  is  often  better  to  use  a  side-l 
wagon  to  empty  the  earth  right  and  left. 

In  England  the  best  size  for  earth  wagons  is  considered  to  be  III] 
enough  to  hold  about  2  to  2^  cubic  yards,  or  from  2J  to  8  tons  weight 
earth. 

The  wheels  ought  to  be  3  feet  in  diameter;  about  Bi  cwts.  of  iroafl 
employed  in  such  a  wagon,  its  whole  weight  being  from  1  to  1)  ton 
Each  wagon  carries  about  as  much  as  fifty  wheel-barrows ;  and  its  spei 
when  drawn  by  a  horse  may  be  taken  as  about  one-fifth  greater  than  tk 
of  a  barrow,  so  that  one  wagon  is  equivalent  to  about  sixty  barrows.  1 
ordinary  soil  it  has  been  estimated  that  one  wagon  going  and  retandi 
a  distance  of  about  6,000  feet,  will  keep  one  shoveller  at  work.  If  lotdi 
wagons  have  to  be  drawn  up  an  ascent  and  the  temporary  rails  be  goo 
each  foot  of  rise  is  equal  to  about  150  feet  of  additional  horizontal  & 
tance. 

In  calculating  the  number  of  horses  required  for  earthwork  where  wi 
gons  are  employed,  the  force  which  one  horse  can  exert  when  waUdn 
slowly  on  a  level  plain  is  taken  in  England  at  about  120  lbs.;  fortl 
small  horses  of  this  country  some  deduction  would  require  to  be  m« 
from  this  amount,  and  probably  90  lbs.  would  be  sufficient.  The  frictv 
along  temporary  rails  may  be  taken  at  15  lbs.  per  ton,  or  about  t^v^ 
the  whole  load.  If  we  consider,  therefore,  that  a  loaded  wagon  weigl 
in  all  4  tons,  the  force  of  traction  to  be  exerted  will  be  60  lbs. ;  and  oi 
strong  horse  will  be  able  to  draw  two  wagons.  We  shall  have,  therefoi 
two  wagons,  one  horse,  and  one  man  to  go  with  the  wagons,  to  cany 
a  lead  of  6,000  feet,  as  much  as  one  pickman  can  excavate,  and  ch 
shoveller  put  in  a  wagon. 

218.  Scoop.— In  removing  surface  earth  to  a  moderate  distanc 
an  implement  called  a  scoop,  serving  the  purposes  of  the  shovel  ai 
the  wheel-barrow  combined,  is  used  in  America,  and  in  some  parts 
India.  It  consists  of  a  large  open  box  like  a  hand-barrow,  but  havii 
three  sides  only  instead  of  four,  and  the  bottom  projecting  with  a  shai 
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Ige,  to  the  front.  Being  dragged  along  by  two  horses  or  ballocks, 
kwmade  to  scoop  np  the  earth  from  the  sarface  at  its  open  end,  and 
Id  eoQTey  it  along.  The  attachment  of  the  two  chains  or  ropes  by  which 
kis  dragged,  is  abont  the  middle  of  the  scoop,  and  it  is  provided 
:iSi  two  handles  to  the  rear  by  which  it  is  guided,  and  which  being 
^d^y  raised  by  the  hand  of  the  driver,  on  reaching  the  point  where  the 
[:«&  is  to  be  laid  down,  the  front  edge  which  is  armed  with  iron  catches 
lihttsgroand,  and  the  horses  moving  on,  the  scoop  is  overturned.  It 
m  only  be  used  of  course  when  the  earth  is  tolerably  soft  and  loose. 
1»  fMllitate  excavation  of  ground  having  a  stiff  or  hardened  surface,  it  is 
tiqwDtly  ploughed  before  setting  the  diggers  to  work. 
I  hihis  country,  when  the  work  is  not  on  a  very  laige  scale,  and 
\  ftft  kid  not  very  great,  it  will  generally  be  most  economical  to  use 
[  Unts  in  preference  to  any  other  vehicle.  The  basket  is  the  natural  car- 
I  l)]ig  implement  of  the  native;  so  it  requires  no  teaching  to  instruct 
'  todeB  in  its  nse,  as  the  wheel-barrow  does.  Baskets  are  also  easily  ob- 
tned  ererywhere,  at  a  very  small  cost,  whereas  the  price  of  a  barrow  is 
coBsidttable. 

219.  Cost  of  Earthwork.—From  what  has  been  written  it  will  be 
M  that  the  cost  of  earthwork  must  depend — 1st,  On  the  price  of  labor; 
iod,  Oa  the  nature  of  the  soil ;  drd,  On  the  length  of  lead,  or  distance 
ftseuih  has  to  be  carried;  4th,  On  the  depth  or  height  it  has  to  be  ex- 
Mvited  or  embanked.  The  price  of  labor  depends  on  so  many  things 
teiK)  general  rules  can  be  given  for  it.  Each  district  has  its  own  rate, 
vUdi  the  Engineer  mnst  find  out  before  preparing  his  estimate.  It  can 
^  here  be  roughly  stated  that  the  price  of  earthwork  in  Upper  India, 
M  Taiies  from  Bs.  2  to  6  per  1000  cnbic  feet,  according  to  locality, 
odjetuls. 

0&  the  nature  of  the  soil  will  depend  the  amount  which  a  man  can 

^'^Mte  in  a  day.     In  some  districts  it  is  difficult  to  get  a  coolie  to  dig 

Bore  than  50  cubic  feet  a  day,  but  a  native  contractor  will  generally  get 

^  more  work  than  that  ont  of  a  man.     It  was  found  in  digging  the  up- 

psr  portions  of  the  Ganges  Canal,  where  the  earth  had  to  be  carried  on 

^  arerige  150  feet,  that  three  able-bodied  men  would  dig  and  carry  out 

^  halets  250  cubic  feet  per  day,  when  the  digging  did  not  exceed  10 

^eet  in  depth.     These  men  earned  each  2  annas  daily ;  and  paying  their 

^^^^fB  at  this  rate,  the  contractors  agreed  to  dig  the  canal  at  Rs.  1-14 
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per  1,000  cubic  feet  down  to  10  feet  deep,  and  at  Rs.  2-6  beyond  i 
depth.  The  actual  rates  at  which  the  work  was  done,  inclading  leFetl 
and  smoothing  off  the  embankments,  and  deepening  the  berms  and  alq 
were  Rs.  2  and  Es.  2-8  for  depths  less  than,  and  exceeding,  10  feet^f 
pectivelj.  In  the  Cawnpore  division  of  the  canal,  where  the  lead  i 
not  more  than  50  feet  on  an  average,  the  cost  occasionally  was  as  low 
Rs.  1-8  per  1,000  cubic  feet. 

Each  contractor  used  to  undertake  a  portion  of  from  50  to  lOO  feel 
length  of  canal  channel,  and  give  it  out  to  sub-contractors  or  laboni 
who  engaged  to  do  a  daily  task  at  fixed  rates,  the  contractor  finding  tl 
the  tools.  Much  of  the  work  was  done  by  "  Oodes,^*  a  class  of  excanto 
well  known  in  the  Upper  Provinces  of  India,  who  wander  about  whenn 
they  can  get  work  and  pasture  for  their  cattle.  These  men  gonenllj  ■ 
donkeys  for  the  purpose  of  carrying  earth. 

220.  Much  valuable  experience  in  earthwork  was  gained  in  the  fom 
tion  of  the  great  Embankment  for  the  Solani  aqueduct,  on  the  Gangt 
canal.  The  earth  was  first  carried  in  wheel-barrows  on  planks,  the  leogl 
of  run  being  from  200  to  300  yards,  and  the  laborers  receiving  Ba. 
per  month.  This  work  cost  from  Rs.  3  to  5  per  1,000  cubic  feet;  a 
as  the  length  of  lead  was  always  becoming  greater,  it  became  necesBU 
to  employ  wagons  on  rails.  450  side-tilt  wagons  were  consequentlj  me 
each  carrying  from  45  to  50  cubic  feet  of  earth,  or  from  30  to  38  cwl 
The  average  cost  of  a  wagon  was  Rs.  358.  These  wagons  were  for 
long  time  propelled  by  men ;  four  beldars  were  told  dff  to  each;  one  remai] 
ing  to  dig  and  loosen  the  earth,  while  three  worked  the  wagon ;  and  f 
four  digging  and  filling  between  trips. 

Filling  one  of  these  wagons  occupied  two  men  from  50  to  60  minute 
the  earth  being  carried  30  feet  on  an  average.  Although  it  was  fom 
just  as  cheap  to  employ  men  as  horses  in  propelling  the  wagons,  tl 
latter  were  ultimately  used,  as  laborers  were  not  easily  got  in  the  lar| 
number  required  for  such  a  great  work.  When  horses  were  used,  tw 
beldars  were  told  ofi"  to  dig  and  load  the  wagon ;  and  one  horse  drew  iw 
and  a  man  accompanied  each  horse.  A  horse  was  found  to  travel  2'^ 
miles  per  hour  with  a  load,  and  3'25  miles  with  an  empty  wagon. 

Mr.  Parker,  in  estimating  the  value  of  wagon  labor  with  men  i^ 
horses,  has  from  a  series  of  five  months'  accounts,  in  which  are  incla(3 
the  charges  for  excavating  and  carrying  1,317,000  cubic  feet  of 


TOOLS  AHB  flZlCUTIOK. 


2i^ 


rtneted  tbe  following  tables.    The  first  when  the  wagons  were  pnlled 

'  horses,  the  latter  when  they  were  pushed  by  men : — 

UHJE  L— AvsE^aE  OF  Labob  required  for  1,000  cable  feet  of  digging,  and 
MHTiDg  the  earth  in  wagooi  drawn  by  horses  to  a  mean  distance  of  9,800  feet 
\f  railway. 


DtMripCion. 

Arerag* 
number. 

Bfrnnrkii 

VHm  of  beldan, 

Bmm,  effectiTe, 

DbtD  IB  hospital, 

Ditto  DOD-effective  by  Sandays, 

kHdsvs,  and  rain,  .... 
Hn  OD 'scaffolding  and  greas- 

i^C  wsgons  (bel£ui),  .  .  . 
Dokicsrpenten, 

0-88 
928 
284 
0-40 

070 

072 
0O8 

From  this  Table  we  find  that  108 
cubic  feet  is  the  day's  work  of  a 
digger,  and  862  cubic  feet  that  of 
ahorse. 

The  diggers  hare  also  to  carry 
the  earth  in  barrows  a  mean  dis- 
tance of  40  feet,  in  order  to  fill  the 
wagons. 

lilU  IL— AVKBAGB  or  Labob  required  for  1,000  cubic  feet  of  digging,  and 
taiiTing  the  earth  in  wagons  pushed  by  men,  to  a  mean  distance  of  8,700  feet 
tytnmway. 


number.                              ««««» 

IhtMof  beldars, 

Dig^  sod  ca  riers,    .... 
McB  on  scaffolding  and  greas- 
ing (beldars,).      

i)o^evpeDters, 

0-56 
19  70 

1-00 
016 

From  this  Table  we  find  that  60 
digging  and  cariying. 

The  cost  of  digging  and  carrying  1,000  cubic  feet  of  earth,  as  in  the 
^  tible,  was  Rs.  3-13-0,  which  includes  payment  for  Sundays,  when 
^vorkis  done.  Had  Sundays  not  been  included,  the  cost  to  Govem- 
■**  woold  have  been  Rs.  3-3-0. 

^  the  same  manner,  the  cost  of  digging  and  carrying  1 ,000  cubic  feet 
^^  as  in  Table  I,  was  Rs.  3-12-0,  deUiled  as  follows,  viz.  :— 


B.      6.      P. 


Superintending,  • 
X)igging, 

Carrying  by  horses, 
Creasing  and  oiling  wagons, 
Scaffolding, 


-VOL.  I.— THIBD   BDITlOlf. 


Total  Rs.,    - 


0 

1 

10 

1 

9 

4 

1 

10 

2 

0 

2 

2 

0 

4 

6 

3 

12 

0 
2   K 
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which  inolndes  payment  for  Samlays.    Had  Sandajs  not  been  indndi 
tho  cost  would  have  been  Rs.  8-2-0. 

A  locoinutive  steam  engine  was  also  employed  for  sometime  oa  d 
Roork«6  works,  but  it  was  not  found  an  economical  moTing*  power.  1 
also  proved  inconvenient,  as  it  required  a  line  of  rails  all  to  ittelf;  lii0 
it  was  not  safe  to  use  it  on  the  same  line  as  liorse  waguni. 

The  rails  on  which  these  WHgons  ran  were  inclined  at  a  slope  of  H 
feet  per  mile,  down  which  the  wagons  carried  their  luad,  retaniing  eaplfi 
They  were  formed  partly  of  ^  to  |-inch  har-iron,  screwed  down  to  Jomt 
tudifial  sleepen*,  which  were  held  in  position  by  cross  bars.  Afterwsiii 
light  English  rails  were  used  weighing  26  tbs.  to  the  yard,  which 
laid  much  in  the  same  way  as  the  others.  These  English  ndls 
found  decidedly  superior  to  the  others,  causing  less  friction  aud 
upon  the  wheels.  But  they  were  considerably  more  expensive  to  bcgn 
with,  and  could  not  he  so  easily  replaced  as  the  bar  rails. 

22L  Boring  Tools.— It  is  frequently  desirable  to  know  thenatsn 
of  the  soil  some  distance  below  the  ground.  As  for  instanc<^,  when  a  dit| 
cutting  han  to  be  made,  unless  he  knows  whether  he  will  be  reqoirsil  U 
dig  t.ut  soft  sand  or  rock,  the  Engineer  can  form  no  estimate  of  the  pR^ 
bahle  expense  of  the  work.  Nor  can  he  calculate  what  will  be  the  eofl 
of  a  bridge  until  he  knows  how  deep  he  will  have  to  sink  the  foundation 
to  obtain  a  firm  substratum. 

Tite  usual  method  of  obtaining  this  knowledge  is  by  horing  a  yertics 
hole  of  3^  to  4  inches  diameter,  and  brini^ing  up  specimens  of  tfc 
materials  met  with  at  various  depths.  The  knowleiige  thus  acquire 
ii  not  wholly  to  bo  depended  on;  as  the  specimens  brought  up  ai 
crushed  by  iho  action  of  the  boring  tool,  and  sometimes  reduced  I 
paste  by  the  water  poured  into  the  hole  to  keep  the  tool  cool,  and  help  i 
working.  It  may  Imppen  too  that  the  tool  may  bring  up  a  solitary  sjiec 
m  'u  of  hold  ler  on  wiiich  it  has  aliglited,  and  convey  the  imprebsion  thi 
it  is  passing  tlnungli  a  stratum  of  them. 

The  ordinary  boring  totds  are  the  augeVj  the  worm,  and  ihejumpe 
These  are  mule  ol  wrought  inm,  steel*»d  at  the  points  and  cutting  edges 
They  are  about  l^  foot  long,  welded  on  to  an  iron  bar  or  shank  of  abouta 
equal  length,  and  1^  inch  squ.ire.  At  the  top  of  ihe  shank  is  a  screw,  co" 
nerting  it  with  the  lengtlitning  rods.  These  are  square  bars  usually  abta. 
10  feet  long,  of  the  same  diameter  as  the  shank,  with  screws  at  their 
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by  which  they  can  he  joinf^d  together,  to  any  leng'h  required.  The  up- 
permost rod  is  capable  of  beinu:  hiiiig  Uy  a  swivel  and  rope  from  a  triangle 
or  shears  set  over  the  boring  hole,  in  onier  to  liuul  np  the  rods. 

The  augrr  which  is  used  for  all  onlinary  earths,  shale,  and  soft  rock, 
is  fonm^d  like  a  hollnw  cylinder,  ai>ont  3^  inches  in  diameter,  with  an 
open  sharp  edged  slit  along  one  side  of  it.  It  is  slightly  contracted  at 
the  lower  end,  and  sometimes  has  a  small  special  point  like  a  gimlet  for 
boring  in  soft  rock.  It  brings  up  specimens  of  the  earth  in  the  inside  of 
its  cylinder. 

The  ivoi-m  is  a  sharp-pointed  spiral,  nsed  for  boring  rocks  too  hard  for 
the  auger.  After  the  worm  has  pierced  the  rock,  the  auger  enlarges  the 
hole  and  brings  up  the  fragments.  Both  the  auger  and  worm  are  worked 
by  taming  them  continuously  round  towards  the  right,  by  means  of  a  cross- 
head,  abont  6  feet  long,  driven  by  men. 

To  pierce  roik  too  hard  for  the  worm,  jumpers  are  nsed,  see  para.  19. 
They  are  of  various  figures,  some  Hat  like  a  chisel  with  a  sharp  edge  at 
the  lower  end ;  some  square  with  a  four  sided  point ;  and  some  spear- 
pointed.  The  jumper  is  worked  by  raising  it  to  short  distances,  and  thea 
dropping  it,  twisting  it  half  a  turn  round  after  eaih  blow.  It  is  some- 
tiuies  simply  hung  by  a  rope  instead  of  by  lengihenhig  rods.  The  anger 
is  afterwards  sent  down  to  bring  up  specnmens.  In  boring  through  verj 
soft  ground  a  series  of  iron  pipes  are  sometimes  pushed  down  to  keep  the 
hole  open ;  these  may  be  made  to  screw  one  to  the  other,  so  that  they  can 
be  hauled  up  again. 
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CHAPTER    X. 
CUTTINGS. 

222.  In  the  last  Chnpter,  the  general  operations  of  earthwork, 
which  are  common  alike  to  cuttings  aD<l  embankments,  were  described. 
In  this  Chapter  it  is  purposed  to  describe  tliose  specially  relating  to 
CQttiiigs. 

It  must  first  be  observed  that  as  a  general  rule,  it  is  desirable  to  make 
the  cuttings  and  embankments  on  a  line  of  road,  canal,  &c.,  equal  in  cubic 
contents.  Tlie  object  of  this  is  obviously  that  the  earth  obtained  from  the 
ezcayations  should  be  made  use  of,  and  should  just  suffice,  for  the  neces- 
sary embankments.  In  the  case  of  roads  and  rail -roads,  excavation  is 
required  at  some  parts  of  the  line,  and  elevation  of  the  road  by  embank- 
ing, at  others.  The  depth  or  height  of  each,  respectively,  become  in  a 
measure  fixed,  when  the  direction  of  the  line  has  been  determined,  and  are 
thereafter  to  a  very  limited  extent  only,  at  the  option  of  the  designer ;  so 
that  exact  conformity  to  the  rule  above  given,  even  when  some  variations 
in  the  width  of  the  works  are  adopted,  with  the  view  of  effecting  what  the 
fixed  levels  will  not  admit  of,  becomes  a  matter  of  some  difficulty  if  not 
impracticable. 

In  the  case  of  canals,  excavation  and  embankment  generally  proceed  side 
by  side,  and  the  banks  not  being  necessarly,  with  reference  to  the  purposes 
of  the  canal,  of  any  fixed  height  and  breadth,  may  have  their  dinienfiicms 
regulated  simply  by  the  amount  of  excavation.  This  is  on  the  supposition 
that  the  banks  form  no  part  of  the  water  channel,  the  latter  being  altogether 
below  the  original  surface.  It  is  not,  however,  always  so.  Where  the 
ground  is  low,  the  channel  may  be  partly  in  excavation,  partly  bounded  by 
the  side  banks.  A  lower  level  of  country  may  require  the  bottom  of  the 
channel  to  be  on  the  surface  of  the  ground,  it^  8i<ies  being  altogether  form- 
ed by  the  embankments.  Or  again  it  may  happen  that  the  whole  must  be 
raised  above  the  level  of  the  ground,  the  bottom  as  well  as  the  sides 
being  of  "  made  earth.  *'  In  the  last  two  cases,  there  being  no  exca- 
vation at  those  parts  of  the  line,  provision  must  be  made,  just  as  in  the 
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ease  of  road  and  railway  embankments,  for  obtaining  the  requisite  amount 
of  earth  from  elsewhere.  It  will  accordingly  be  arranged  if  practicable 
in  laying  out  the  line,  that  some  adjoining  parts,  traversing  high  land  and 
requiring  to  be  lowered,  shall  supply  from  their  excayations  the  quantity 
of  earth  required  for  the  embankments.  When  this  cannot  be  managed, 
or  not  to  the  required  extent,  the  earth  must  be  procured  from  what  are 
called  side  cuttings,  excavations  made  for  this  purpose  on  either  side  of 
the  line.  When  an  excavation  supplies  more  earth  than  is  required  for 
the  embankments,  the  superfluous  quantity  is  laid  down  in  a  line,  generally 
parallel  to  the  main  work,  in  any  convenient  position  ;  and  this  is  tech- 
nically called  a  spoil  bank.  Gases  often  occur,  however,  and  especially 
in  a  country  like  India  where  land  is  cheap,  in  which  it  is  more  economical 
to  make  an  embankment  from  a  side  cutting  close  at  hand,  than  to  bring 
the  earth  from  a  distant  cutting ;  or,  on  the  other  hand,  it  may  be  cheaper 
to  thmw  part  o\  the  material  from  a  cutting  into  a  spoil  bank  than  to  carry 
it  to  a  distant  embankment.  These  points  must  be  decided  by  the  Engi- 
neer, to  the  best  of  hin  judgment  in  each  case. 

In  England,  previous  to  opening  a  cutting,  it  is  usual  to  strip  off  the 
upper  soil  or  vegetable  mould  from  the  ground  to  the  depth  of  from  8  to 
6  inches,  and  to  preserve  it  for  the  purpose  of  resoiling  the  sloped,  in  order 
that  grass  may  grow  on  them  readily.  If  the  cutting  happens  to  be 
through  grass  land,  the  sods  of  turf  are  taken  otf  and  kept  rolled  up  with 
the  grass  inside  in  a  moist  shady  place.  In  this  way  they  may  be  preser- 
yed  for  some  time,  and  take  root  readily  again  in  the  new  slopes. 

223.     A  cutting  in  a  hill  side  of  considerable  height  is  usually  begun,  if 
Fig.  8.  the  earth  will  stand  for  any  time 

with  vertical  sides,  by  cutting  a 
fair  vertical  face  to  the  work  at 
right  angles  to  the  direction  of  the 
cutting.  From  this  face,  vertical 
niches,  as  shown  in  the  figure,  are 
made,  wide  enough  for  one  man  to 
ply  his  pickaxe,  after  which  very 
little  labor  is  required  to  separate  the  masses  between  the  niches,  the  earth 
in  the  meantime  being  carried  off  by  baskets,  barrows  or  wagons.  In  cut- 
ting inlo  a  vertical  face,  one  excavator  to  a  breadth  of  5  or  6  feet,  is  about 
as  dose  as  men  can  work  without  getting  into  each  others  way. 
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Figs,  1  and  2,  Plate  XXIII.,  Fhow  the  consecutive  operations  reqnirri 
for  heary  cutting ;  the  cutting  being  Mippose^l  to  start  from  the  left.  Aa 
the  work  proceeds  into  the  hill,  and  the  width  is  increased  to  provide  for 
slopes,  it  becomes  desirable  to  run  a  gullet  or  vertical  excavation  wide  enongk 
for  one  line  of  temporary  rails  along  the  centre  line,  in  order  to  bring  tht 
greatest  nnralter  of  wagons  into  use.  The  wagons  in  the  gullet  are  filled 
either  directly  by  diggers  in  front  of  them,  or  by  barrows  on  both  sidet, 
working  on  a  stage  above  them.  As  the  height  of  tlie  hill  inrreaae*,  side 
tracks  are  laid  down  on  this  second  stage  inclining  down  to  the  lower  leveL 
On  these  lines  the  full  wagons  descend  on  ^one  side,  and  the  empty  oiMt 
ascend  on  the  other. 

In  executing  a  cutting  in  thi^  manner,  the  bed  should  always  be  kept  ' 
inclined  upwardH;  so  as  to  allow  of  any  water  which  may  e<»llect  at  tht 
bottom,  being  easily  conducted  out  to  the  end  of  the  work.  This  should  be 
done  irrespective  of  the  slope  which  the  formati(»n  bed  is  finally  to  ret-eive; 
as  it  may  easily  be  adjusted  after  the  cutting  is  carried  right  thruugh  the 
hill. 

It  is  evident  that  many  cases  might  occur  where  the  abore  mode  of 
operations  could  not  be  followed,  as  it  might  be  necesnary  to  reiiK>ve  the 
earth  up  out  of  the  excavation  to  the  level  of  the  ground.  Thia  might  for 
instance  be  the  case  where  a  railwHy  had  to  be  carried  thnmgh  a  long  cat- 
ting ;  and  to  save  time  it  might  be  necessary  to  open  grouutl  at  intermetiiate 
points  as  well  as  from  the  two  ends.  This,  however,  would  not  often 
happen,  as  the  expense  would  of  course  be  very  much  increased  by  such  a 
proceeding.  In  forming  canals,  however,  in  a  flat  counti*y  like  India,  it  if 
almost  always  necessary  to  raise  the  earth  up  from  its  bed,  as  in  but  few 
cases  would  it  be  possible,  or  at  least  desirable,  to  bring  oat  the  bed  of  the 
canal  any  where  to  the  level  of  the  country. 

224.  Horse  Run, —  When  the  bank  up  which  soil  has  to  be  moved  it 
necessarily  very  high  and  steep,  as  for  example,  if  it  should  make  an  angle 
with  the  horizon  of  30""  or  40",  and  is  perhaps  40  or  50  feet  high,  an  expe- 
dient called  a  horse  i*un,  is  sometimes  resorted  to.  That  is,  two  tracks  of 
plnnks  are  placed  upon  the  slope,  and  fixed  there  l)y  stakes  driven  into  the 
ground  and  nailed  or  spiked  to  the  planks.  These  tracks  should  be  placed 
at  a  distance  asamler  that  rattier  exceeds  the  depth  of  the  excavntion. 
Opposite  the  top  of  each  track  a  post,  with  a  large  iron  sheave  or  pulley 
fixed  to  it,  is  firmly  let  into  the  ground.    The  wheel-barrowa  naed  are  of  ^ 
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Mine  oonstroctions  as  thoM  before  described,  bnt  much  deeper  and 

Iwi^r,  end  a  stroDg  iron  eUple  is  Hxed  in  the  front  of  eat^li  for  receiving 

the  hook  of  a  rope  pas>ting  from  the  liarrovr  in  the  bottom,  up  llie  slope 

fluongh  the  two  sheaves,  and  terminating  in  a  hook  at  the  second  barrow 

VpOQ  tlie  top  of  the  slope,  in  such  manner  that  the  upper  barrow  cannot 

be  lowefbd  without  bringing  up  the  lower  one,  and  vice  versd,     A  strai^bt 

korixontal  horse-track  is  formed  just  behind  the  fiosts,  exteuding  from 

to  the  other  of  them,  aud  a  strong  iron  ring  being  kshed  to  that 

n  of  the  r<»pe  that  is  couitiotly  between  the  two  posts,  the  traces  of  a 

are  hi>oked  into  it,  and  as  the  animal  ia  driven  backwards  and  for- 

ly  he  will  elevate  one  and  depress  the  other  of  the  barrows  alternately. 

lower  barrow  being  detached  from  its  rope,  is  placed  where  it  may  be 

loaiei  with  soil,  when  it  is  wheeled  to  the  foot  of  the  inchned  plane,  and 

tta  rope  being  hooked  on  to  it,  a  signal  is  given  to  the  driver  above  to 

ibart  the  horae,  when  he  draws  the  loaded  barrow  up  the  slope,  a  man 

fuUowing  behind  at  the  handles  to  guide  it,  and  keep  tlie  barrow  lege 

ibofe  the  ground.     While  the  loaiied  barrow  is  thus  ascending,  tlie  empty 

ene  descends,  gnided  in  like  manner  by  the  man  who  had  before  acoom- 

yoisd  it  upwanis,  his  weight  and  that  of  his  barrow  compensating  nearly 

fcr  the  man  and  barrow  ascending  on  the  other  track.     The  ascending 

Uuihu  to  walk  in  a  direction  nearly  perpendicular  to  that  of  the  inclined 

^luM,  so  that  he  can  exert  no  strength  or  muscular  action  to  assist  the 

Wrowin  its  accent;  but,  on  the  contrary,  a  large  portion  of  his  weight  is 

iM to  that  of  the  barrow;  but  this  is  compensated  by  the  descending 

ma,  who  comes  with  his  face  forwards,  and  by  hanging  on  to  the  arms  of 

liii  barrow,  throws  his  weight  upon  it  so  as  nearly  to  equalize  the  weight 

«f  the  MceniHng  barrow. 

The  horse  run  is  a  slow  and  exnen^ive  method  of  rai$<ing  soil,  and  one 
^t  sboald  not  be  resorted  to  ex<*ept  in  cases  of  necessity ;  bnt  with  all 
***  •'i^intages,  it  is  cheaper  than  common  barrow  work  when  the  exca- 
Titum  becomes  deep,  because  then  the  plank  track  must  be  made  so  very 
'^9  for  procuriuf^  the  necosf^ary  gradual  slope,  that  it  increnses  the  num- 
**r  of  sloping  or  short  stages  to  such  an  extent  as  to  be  very  expensive. 

Stages, — Another  mode  of  raisinj?  soil  out  of  deep  excavations,  without 

•oofse  rnn,  is  by  what  is  called  casting  up  by  stages.     A  scaffolding  is 

^^'^^  ^\ti\  as  many  boarded  platforms,  at  5  feet  above  each  other,  as  will 

^^  ^e  required  height     They  are  placed  one  beyond  the  other,  like  the 
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steps  of  a  stair-case,  and  a  man  with  a  shovel  is  placed  on  each.  Iht: 
lowest  man,  who  digs  the  soil,  throws  it  by  his  shovel  on  to  the  lowMt^ 
stage,  and  the  man  stationed  there  delivers  it,  in  like  manner,  on  to  tht' 
stage  next  above  him,  and  so  on  in  succession,  until  it  reaches  the  §Qximk- 
Tliis  method  is  sometimes  resorted  to,  but  is  a  very  slow  one,  andnoiii- 
be  recommended. 

225.  Slips  in  earthworks,  both  excayations  and  embankments,  aai  v, 
failures  in  retaining  walls  are  in  the  great  majority  of  instances  attribi* 
tal>le  to  defective  drainage.    This,  therefore,  is  ti  point  requiring  the  mosti 
particular  attention.     Arrangements  must  be  made  fur  allowing  the  wati^ 
falling  on  the  surface  of  earthworks  to  flow  freely  away,  and  every  posHL^ 
ble  receptacle  of  drainage  from  the  neighbourhood,  or  collection  of  waksr^ 
however  apparently  insignificant,  must  be  carefully  looked  to,  and  provisioaKn 
made  for  carrying  the  water  off  or  preventing  its  accumulation.    WaiflSic 
fulling  on  the  slopes  should  be  received  in  what  are  called  cateh'Wat^Bf 
druioif  at  the  foot  of  the  bank  ;  and,  if  necessary,  higher  up  also  on 

slope  (Me figure);  and  these  di 
must  be  so  directed  as  to  cany 
water  away  from  the  works.    8| 
cuts  or  channels  passing  ohUqndK««< 
from  tlie  summit  of  a  slope  to  thei^^ 
drains,  so  as  to  form  a  repeated  ont?^' 
line  of  the  letter  V  on  the  face  o^ 
the  hanks,  are  generally  sufficientto 
complete  the  surface  drainage.    Should  the  land  slope  towards  the  cutting, 
a  catch-water  drain  is  also  necessary  at  the  top  of  the  slope,  to  exclude 
from  the  excavation,  water  draining  off  or  flowing  from  it.     These  caick" 
water  drains  are  usiialy  oi)en  ditches  from  3  to  4  feet  wide,  and  from  2 
to  3  feet  deep.     In  like  manner,  measures  must  be  taken  to  prevent  the 
admission  of  water  to  the  back  of  revetment  walls,  or  to  ensuie  its  free 
escape.     The  drains  provided  for  the  revetments  of  cuttings  are  sometimes 
united  with  those  in  the  bottom  of  the  excavation,  sometimes  carried  off 
independently,  as  the  nature  of  the  works  or  form  of  the  ground  renders 

most  convenient. 

226.  Drains. — For  the  drainage  of  roads  and  railroads  in  cuttings,  the 
most  economical  and  efficient  method  is  the  construction  of  open  side  drains, 
from  6  inches  to  2  feet  deep,  receiving  all  the  surface  water  and  carrying 
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il  off  to  tlie  ends  of  the  excayation.     Care  should  be  taken  not  to  put  these 

nh  drains  too  closely  nnder  the  slope,  otherwise  they  may  cause  the  slope 

%D  iHpi  and  they  themsdyes  may  be  crashed  or  choked  by  it.    When  econo- 

V|  of  space  is  an  object,  and  the  width  of  the  cutting  cannot  conyeniently 

adnifc  of  these  open  side  drains,  they  are  dispensed  with  by  employing  in- 

ted,  a  central  underground  drain  about  2^  feet  below  the  surface,  with 

lAieh  branches  communicate  at  intenrals,  conyeying  into  it  the  surface 

jF^.  1,  Fig,  2,     Fig,  3.    drainage.    The  most  frequent  form 

of  these  central  drains  is  cylindrical, 
r     I  ■■    t      —1     Sl_jW      /<\|  l^     *^^  such  are  called  barrel  drains. 

They  are  also  sometimes,    when 

only    required     to  be    of    small 

BM,  made  of  semi-cylindrical  tiles ;  sometimes  of  stones  laid  as  in  Fig,  1. 

ilf.  8,  lepresents  the  section  of  a  barrel  drain ;  Fig,  3,  a  section  through 

CM  d  the  heads  of  the  drain  coyered  with  an  iron  grating. 

Fig»  i  represents  the  section  of  a  cutting  haying  an  open  side  drain  for 

the  excayation  itself,  and 
a  central  barrel  drain  for 
the  reception  of  the  sur- 
face water  from  the 
ground  aboye  and  behind 
the  reyetment.  Fig.  5 
is  the  section  of  a  rail- 
way cutting  without  side 
"''^  drains,  the  surface  water 

bong  directed  into  the  central  drain  by  the  invert  i.     If  the  water  which 

Fig,  5.  ^^^  Fig.  6.         ^ 
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has  access  to  the  back  of  a  retaining  wall  cannot  all  be  carried  off  by  drains 
on  ihe  surface,  it  may  be  necessary  to  open  communication  between  the  earth- 
work, and  the  open  cutting,  by  piercing  the  revetment;  as  shown  in  Fig.  C, 
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which  is  fhe  sccliou  of  rotaiiilnc:  wall  on  the  lino  of  the  London  and  Bir- 
miugham  railway.     The  drains  in  this  instancs  are  iron  pipes. 

In  order  to  keep  hill  roads  free  from  water,  and  also  to  preserve  thdr 
onter  edges,  it  is  recommended  to  give  the  surface  a  slight  inclinatioii 
towards  the  inner  or  hill  side ;  along  which  will  ran  the  drain  recaving 
both  the  surface  water  of  the  road,  and  that  of  the  hill  above.  The  water 
thus  received  is  passed  into  covered  masonry  drains  Grossing  underneath 
the  road  to  the  outer  side,  and  is  so  carried  off.  These  cross  drains  an 
constructed  at  intervals  in  convenient  positions ;  larger  ones  being  alwayi 
built  in  the  re-entering  angles,  which  mark  the  courses  of  natural  streanUi 
themselves  requiring  an  exit  to  the  valley  below. 


CHPATER    XI. 
EMBANKING  AND  PUDDLING. 

227.  The  best  materials  for  embankments  arc  those  whose  frictional 
fltability  is  the  greatest  and  most  permanent,  such  as  shivers  of  rock. 
■hin^le,  gravel,  and  clean  sand.  Wet  clay,  vegetable  mould  and  mud, 
ware  evidently  tmfit  for  embankments. 

Embankments  may  be  made  in  three  ways — 1st,  In  one  layer;  2nd,  In 
two  or  more  thick  layers ;  3rd,  In  a  succession  of  thin  layers.     The  first 
is  the  cheapest  and  quickest  method,  and  is  the  one  followed  in  most 
cases   where  there  is  no  special  reason  to  the  contrary.     The  earth  is 
raised  at  once  to  its  full  height,  throwing  it  down  from  the  commence- 
ment of  the  embankment ;  and,  as  the  work  proceeds,  from  the  extremity 
of  the  completed   portion.     The  objection  to  this  method  is,  that,  not 
haying  heen  rammed,  the  earth  is  subject  to  a  greater  amount  of  settle- 
ment, and  after  completion  of  the  work,  takes  longer  time  to  settle  per- 
manently than  if  formed  in  courses  and  rammed.     A  road  or  other  work 
oonstmcted  on  the  surface  of  banks  so  formed,  immediately  after  com- 
pletion, vrill  be  liable  accordintrly  to  subsequent  derangement  and  injury. 
There  is  not  the  same  objection  to  the  use  of  tliis  riiethod,  when  the 
earthworks  are  to  be  allowed  to  stand  for  a  length  of  time  before  being 
used  for  their  ultimate  purpose.     To  accelerate  the  construction  of  an 
embankment,  the  top  breadth  is  soiuctimcs  made  greater  than  it  is  to  be 
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ber  of  earth  wagons.  The  bank  is  afterwards  reduced  to  its  proper 
form  and  dimensions,  by  cutting  away  the  superfluous  earth  at  tha 
sides.  Should  a  railway  be  employed,  in  such  an  instance  as  that  repre-' 
sonted  in  the  figure,  it  is  to  be  observed  that  there  is  no  occasion  to  lay 
down  four  lines  of  rail  in  order  to  give  four  wagons  abreast  at  the  head  of 
the  embankment.  Two  lines  only,  are  usually  laid  down,  haying  each  two 
termini,  and  what  is  called  a  double  crossing,  as  represented  in  the  figniOi 
by  means  of  which,  four  full  wagons  brought  in  train  along  one  line,  caSi 
at  the  end,  be  all  brought  to  the  front,  and  return  empty  along  the  oihm 

Fig.  2. 


line  of  rail— -as  will  be  readily  comprehended  by  reference  to  the  figme. 
Where  the  embankment  is  not  to  be  yery  broad,  no  tipping  oyer  the  sidei 
should  be  allowed ;  for  the  earth  so  tipped  is  liable  afterwards  to  slip  off, 
228.  The  second  method  in  use  for  forming  embankment^  (without 
the  objections  to  which  the  above  mode  is  liable,)  is  to  make  the  bank 
of  half  the  proposed  height  at  first ;  the  greater  breadth  of  sarface  at 
the  lower  stage  affording  an  enlarged  space,  admitting  of  the  employ- 
ment, in  a  similar  manner  to  that  described  above,  of  a  greater  number 
of  earth  wagons  than  could  be  brought  to  the  front  at  one  time  on 
the  top  of  the  embankment  when  of  the  full  height.)    The  layer  is  then 

Fig.  3. 
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left  for  some  time  to  settle  before  commencing  another.     This  system 


SVBANKIHO  AND  PUDDLIKG.  2C1 

inrolreB  mach  additional  time  and  labor,  and  is  seldom  employed.  It  is, 
hamcrer^  useful  in  making  embankments  of  bard  clay  or  shale,  which  con- 
rirt  at  first  of  angular  lumps  which  do  not  form  a  compact  mass  until 
putudly  softened  and  broken  down  by  the  action  of  the  air. 

SSO.  The  third  mode  is  to  be  preferred  as  ensuring  the  greatest 
^  dendtj  and  stability,  though  more  slow  and  expensive  than  either  of  the 
ibore,  namely  laying  down  the  earth  in  successive  layers,  from  6  to  12 
Bicfaes  in  thickness,  each  being  well  rammed  before  the  next  is  laid  down. 
It  is  recommended  to  make  these  layers  concave,  this  construction  having 
been*  fonnd  to  contribute  greatly  to  the  prevention  of  slips  in  new  em« 
tankments. 

Fig.  4. 


This  being  a  tedious  and  laborious  process  is  used  only  in  special 
I,  such  as  the  filling  in  behind  retaining  walls,  and  in  making  sides 
of  canals,  or  embankments  for  tanks,  for  which  purposes  it  should  always 
be  adopted. 

230.  When  the  height  of  an  embankment  is  greater  than  15  feet,  it 
lias  been  recommended  to  make  it  in  two  portions,  one  on  each  side  of  the 
ground  to  be  covered  ;  leaving  a  valley  in  the  middle ;  this  being  after- 
wards filled  in,  will  be  prevented,  by  the  first  raised  embankments,  from 
spreading  unnecessarily,  thus  causing  an  earlier  solidification  of  the  mass, 
and  a  smaller  expenditure  of  material  carried  and  of  ground  occupied. 

Somewhat  on  this  principle  was  the  great  embankment  for  the  Solani 
Aqueduct  at  Eoorkee  formed.  Trenches  were  first  dug  to  the  right  and 
left  of  the  line  188  feet  by  5^  feet  deep,  {Fig.  1,  Plate  XXIV.,)  and  the 
earth  from  them  was  thrown  on  the  centre  so  as  to  form  a  nucleus  for  the 
raised  embankment  which  was  to  constitute  the  bed  of  the  canal.  The 
earth  was  so  thrown  as  not  to  interfere  with  the  building  of  the  two  side  re- 
yetments.  On  the  central  embankment  thus  raised,  a  railway  was  laid 
on  which  trucks  plied,  and  as  it  progressed,  lateral  flanks  aa,  (Fig.  2,) 
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were  raised  to  a  level  with  the  railroad  for  carrying  the  earth  to  the  cm-= 
bankments  in  rear  of  the  revetments,  or  as  far  back  as  the  line,  M 
{Fig,  3).  These  side  roads,  aa,  occurred  at  intervals  of  200  feet,  anl 
hollows  were  thns  left  between  them  which  acted  as  reservoirs  for  recetv- 
ing  rain  water.  By  this  means  moisture  was  distributed  by  absorptioa 
and  the  whole  banks  settled  and  became  consolidated.  In  this  maimer 
the  work  went  on  for  five  years,  when  the  holes  were  filled  in  and  tlit 
whole  embankment  was  completed  up  to  the  level  of  the  railroad.  The 
two  side  banks  were  then  raised  to  their  full  height,  the  earth  being 
carried  in  trucks  as  stated  in  the  last  Chapter,  and  the  work  was  com- 
pleted. The  outside  slopes  were  1^  to  1,  and  the  upper  surface  of  tbi 
embankments  outside  the  revetments  was  30  feet  broad. 

231.  In  adjusting  with  precision  the  dimensions  of  earthworks,  with  a 
view  to  the  exact  equalization  of  excavations  and  embankments,  it  must 
bo  borne  in  mind  that  earth  formed  into  an  embankment,  being  compressed 
by  ramming  in  the  course  of  construction,  occupies  less  space  than  before 
excavation.  The  following  Table  shows  the  result  of  the  comparative 
measurements  of  some  works  of  this  kind  in  different  descriptions  of  soil :— 


Amount  of 
cxcaTation. 

Contents  of 
embankment. 

COICPRSBSIOK. 

Nature  of  Boil. 

Actual.       ProportioBal. 

Clayey  soil, 

Another  do.,         ...        ...        •.. 

Light  sandy  soil, 

cubic  yards. 

6.970 
25,976 
10,701 

cubic  yards. 
6,262 
23,571 
9,317 

cubic  yards. 

708 
2,404 
1,384 

0*1015 
0-0925 
01293 

On  the  whole,        

43,646 

89,150 

4,496           01030 

the  total  compression  amounting  to  above  one-tenth  of  the  earth  excava- 
ted. Gravelly  earth  was  found  to  be  compressed  about  1-1 2th.  Rock, 
on  the  other  hand,  can  never  in  embankment  be  made  to  assume  sa  small 
a  bulk  as  before  excavation. 

All  made  earth  is  liable  to  settle^  that  is,  the  surface  to  sink,  and  the 
whole  volume  to  contract,  after  completion  of  the  work.  The  amount  of 
settlement  depends  on  the  nature  of  the  soil  the  height  of  the  work  and 
the  method  in  which  it  was  formed.  It  will  be  less  if  the  earth  has  been 
well  rammed ;  and,  in  works  of  different  dimensions,  all  other  circumstan- 
ces being  alike,  it  has  been  found  to  vary  nearly  as  the  cube  of  the  height 


flate  XXI r 


SOLANI    EMBANKMENT. 


i  ' 

T^s/wA    or  ' 

i  •    ' 

'  -s,       ,,  4-- 


^'!■^g^^^■'^gK■^ 


Tr€f%€A  or 


1«P  ^ 


f^jUCan  of  )t^ix^q0n' 
for  fi:id^4i^  i*f  n^/o 


FosCJi^n  ^  Wivqoon'. 
JbrJiZUh^  a/ovtf 


Y-:^ 


".,  A":^  '  :■' -:  :'  ■/rr'^\ 


it 


'>V 


.  ii 
■■.I'l 

1 


I  ■ 


I     :i 


t  . 


!,   >« 


ii  i 


Ba^HJt. 


n^.3. 


y  '3 


I    '  .:'  0 


.a 


iLf.  /  -| 

■PujL:.Jij:aLi 

ii-!!.".   ■    '   ^-^ 


-y  ■     ■'      LI 


1    '.      ijf       I 


-■  ■■■■  .it^-:  JJ, 
<l^  I 


P='i  -  ■  .  .luiILjU 

f'  '^^ 'Hi 

Jtifi.iV/iKi.iIln 
er:"i-"fei^Lj 


rti. 
Si' 

ii 

f;i 


1; 


ti 

n: 


Ii' 


1 1 1 


117 


am 


EMnANRlNU    AMD    PUDDLING.  263 

232.  Of  embankments,  as  liavo  been  noticed  before,  the  side  slopes 
must  be  less  inclined  than  those  of  excavations  in  soil  of  the  same  char- 
acter ;  the  earth  having  been  loosened  and  so  rendered  incapable  of  rest- 
ing freely  at  the  same  high  inclination  at  which,  while  undisturbed  in  its 
original  position  in  the  ground,  it  may  be  made  to  stand.  An  earthen 
embankment  accordingly,  it  may  be  inferred,  should  have  slopes  corres- 
ponding to  the  angle  of  repose  of  the  particular  soil  of  which  it  is  made, 
and  this  should  be  the  case  to  ensure  stability,  though  the  slopes  are 
often  made  steeper  from  considerations  of  expense.  In  all  cases  where 
embankments  are  exposed  to  the  action  t>f  water,  especially  if  agitated  by 
wind,  as  in  the  case  of  a  Sea  Dyke,  the  exposed  slopes  etionld  be  very  long 
and  flat,  say  5  to  1. 

233.  All  side  slopes,  whether  of  excavations  or  embankments,  which 
it  is  desired  to  preserve  permanently  at  a  uniform  inclination,  should,  on 
completion,  be  faced  in  some  manner  to  protect  them  from  the  weather ; 
and,  in  the  case  of  artificial  channels,  dykes,  &c.,  from  the  action  also  of 
water.  Grassing  the  surface  with  whole  turf  or  with  a  covering  of  stiff 
olay  is  a  usual  method.  When  sods  cannot  be  procured,  it  is  expedient  to 
plant  the  ground  with  dooh  grass.  A  covering  of  brushwood,  fascines,  or 
of  hurdles,  is  also  used  in  some  cases  with  good  effect,  and  in  Holland 
ropes  of  straw  or  grass  are  pegged  down  so  as  to  cover  the  whole 
surface,  a  measure  often  applicable  in  India.  Large  thin  slabs  of  stone 
laid  on  the  slope  are  in  frequent  use  in  the  Bombay  presidency  for  pro- 
tecting the  sides  of  roads,  embankments,  &c.  The  sides  of  cuttings 
through  rock  of  a  slaty  structure,  which  shows  a  tendency  to  break  on 
the  surface,  and  to  slip,  may  be  cut  in  rough  steps,  instead  of  a  slope, 
and  these  if  necessary,  afterwards  covered  with  earth  and  grassed. 

234.  The  principal  matter  to  be  guarded  against  in  new  embank- 
ments is  not  permitting  largo  quantities  of  rain  or  other  water  to  sink  into 
them ;  because  as  new  work  is  always  more  or  less  porous  and  absorbent, 
it  readily  admits  water  to  mix  with  the  soil,  and  this  renders  many  kinds 
of  earth  so  soft  as  to  make  it  incapable  of  bearing  the  superincumbent 
pressure.  The  bottom  soil  is  thus  made  to  sink  or  settle  more  rapidly 
than  that  above  it,  and  the  upper  work,  by  subsiding,  is  thrown  out  of 
form,  and  large  portions  of  the  front  or  surface  work  often  slide  or  slip 
down  the  slopes,  producing  ugly  and  detrimental  hollows,  called  slipSf 
which  are  frequently  difficult  to  repair.     Such  accidents  may  be  prevented 
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by  adopting  a  very  shallow  slope  when  working  in  soil  that  appean  to 
threaten  their  occurrence,  and  carefully  providing  drains  or  gutters  on  As 
top  of  the  work,  with  sufficient  fall  to  carry  the  water  away  rapidlyi  at 
before  it  has  time  to  settle  into  the  new  work.  A  catch-water  drain  will_ 
also  be  necessary  along  the  foot  of  an  embankment  if  there  is  any  dai^gsr 
of  water  draining  oif  to  the  adjoining  lands  and  sapping  the  foundatioacf 
the  work. 

When  the  natural  ground  has  a  steep  sidelong  slope,  it  is  in  genoil 
necessary  to  cut  its  surface  into  steps  before  making  the  embankment,  it 
order  that  the  latter  may  not  slip  down  the  slope.     The  best  position  ftr 
these  steps  is  to  make  their  surfaces  at  right  angles  to  the  direction  of  fl| 
pressure  of  the  earth  upon  them.     They  should,  at  any  rate,  incline  to  Ai 
horizon,  if  anything,  in  an  opposite  direction  to  the  slope  of  the  natool 
ground. 

235.  When  the  earth  is  so  soft  that  an  embankment  made  in  lb 
ordinary  way  would  sink  in  it,  different  expedients  are  employed  aoooid* 
ing  to  the  degree  of  difficulty  to  be  overcome.    It  may  be  sufficient  to  Sf 
side  drains  parallel  to  the  site  of  the  intended  work,  and  so,  by  canjfag 
off  all  the  water,  consolidate  the  ground  lying  between  them.    Sometimii 
it  may  be  advisable  to  dig  out  the  soft  ground,  and  make  a  rognlar  foah 
dation  of  stable  material  on  which  the  embankment  will  stand.     Or,  if  thi 
soft  ground  has,  at  no  very  great  distance  beneath  the  surface,  a  flxtt 
substratum,  a  foundation  of  stones  or  gravel  may  be  laid  going  right  down 
to  this  basis.     Sometimes  the  earth  is  compressed  and  consolidated  by 
driving  short  piles  into  it. 

In  the  celebrated  example  of  Chatmoss,  which  was  from  10  to  34  feet 
deep,  containing  nearly  double  its  bulk  of  water,  George  Stephenson 
formed  a  secure  foundation  for  heavy  railway  traffic  at  a  cost  below  tha 
average  of  the  other  parts  of  the  line  in  the  following  manner : — ^Dnuni 
were  cut  about  every  5  yards  apart,  and  when  the  moss  between  them  was 
quite  dry  it  was  used  for  the  embankment.  On  this  were  laid  hurdles 
either  in  single  or  double  layers ;  and  over  them  the  ballast.  By  thorough 
draining  in  this  way,  cuttings  as  deep  as  9  feet,  and  embankments  as  high 
as  12  feet,  were  formed  in  a  quagmire  in  which  an  iron  rod  would  sink 
with  its  own  weight. 

236.  Notwithstanding  an  embankment  may  in  many  cases  be  funned 
without  expense,  still  it  generally  happens  that  some  additional  labor  or 
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care  has  to  be  bestowed  upon  the  work,  for  whieb"  a  remnneration  is  always 
allowed.  Thus,  all  removal  of  soil  is  paid  for  according  to  the  distance 
it  is  carried,  and  if  that  distance  should  be  increased  by  forming  an  em- 
bankment, instead  of  throwing  the  earth  at  the  sides  of  the  work  as  it 
proceeds,  this  would  constitute  a  fair  item  of  charge. 

Again,  should  the  earth  be  required  to  stand  against  water,  as  stated 
before,  it  should  be  laid  in  regular  layers  or  strata,  and  rammed,  or  punned^ 
in  order  to  break  the  lumps  and  make  the  work  more  solid  and  compact ; 
and  this  is  an  additional  charge.  The  punning  is  performed  by  rammers 
of  cast-iron*  or  wood  hooped  with  iron  to  prevent  their  splitting,  and 
worked  by  men ;  when  adopted,  the  courses  of  earth  should  never  exceed 
9  inches  in  thickness,  otherwise  the  blows  of  the  rammer  will  have  little 
or  no  effect  on  the  under  part  of  the  stratum ;  and  whether  the  operation 
of  punning  is  performed  or  not,  ii  is  impossible  for  the  workmen  to  wheel 
and  deliver  the  soil  on  to  an  embankment  with  the  same  nicety  and  pre- 
cision as  to  form,  as  can  be  obtained  in  excavating  soil  from  the  earth. 
All  embankments,  therefore,  must  bo  rugged  and  uneven  when  first  form- 
ed, and  they  require  what  is  called  trimming,  to  reduce  them  to  even 
and  fair  surfaces.  The  trimming  consists  of  filling  up  hollows  and  cut- 
ing  off  protuberances,  and  this  accordingly  is  'charged  separately,  at  a  price 
agreed  upon  and  regulated  by  the  superficial  measure  of  the  surface  of 
the  embankment,  instead  of  its  solid  contents.  The  same  kind  of  trim- 
ming takes  place  upon  the  surface  of  all  excavations,  but  it  is  never  made 
a  separate  charge,  being  included  in  the  price  for  doing  the  work  and  con- 
sidered as  a  necessary  finish  to  it. 

237.  Puddling. — If  the  excavation  or  embankment  is  intended  to 
hold  or  retain  water,  another  process  called  Puddling,  may  be  requisite. 
Some  natural  soils  are  of  a  nature  capable  of  holding  water  without  any 
artificial  assistance,  and  clay  or  loam  are  of  this  character ;  others  again, 
as  sand  or  gravel,  and  the  debris  of  stony  rocks,  absorb  all  the  water  that 
may  be  deposited  above  them,  or  they  permit  it  to  percolate  or  run 
through  them.  This  likewise  is  the  case  with  almost  all  artificial  embank- 
ments when  first  made,  even  though  they  may  have  been  punned  in  their 
courses  and  every  pains  taken  in  their  construction  ;  and  as  it  is  a  matter 
of  great  importance  in  the  construction  of  navigable  canals,  that  they 
should  retain  and  hold  all  the  water  thrown  into  them,  particularly  where 

•  Cast-iron  rammen,  weighing  12  lbs.  are  rappliod  at  the  Boorkee  Workshops  at  Be.  1-8  each. 
VOL.    I. — THIRD    EDITION.  2    M 
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water  is  scarce,  or  their  elevation  is  such  that  the  escape  of  it  might 
detrimental  to  the  adjoining  lands,  and  as  no  canal  can  be  formed  w 
raised  embankments  in  some  parts  of  it,  so  strict  attention  to  1h&  fk 
of  puddling,  by  which  alone  the  escape  of  water  can  be  prerented,  m 
greatest  importance. 

No  cheap  and  common  material  is  found  to  oppose  the  filtratio] 
passage  of  water  so  efifectually  as  a  soft  loamj  day,  when  it  ii 
worked  or  kneaded  into  a  soft  paste  with  water,  and  is  not  penniK 
dry  again.  Even  if  a  little  fine  gravel  is  mixed  with  the  clay  it  see 
hold  better,  but  this  can  only  arise  from  the  small  stones  assistiiig  i 
kneading  process.  The  silt  or  natural  deposit  of  tidal  riyers  is  all 
excellent  material,  but  stiff  or  strong  and  plastic  clay  does  not  answc 
rather,  it  takes  more  time  and  labor  to  bring  it  to  the  proper  consis 
than  can  be  afforded,  as  after  it  has  been  worked  in  a  pug-mill,  it  i 
an  excellent  material  for  stopping  water.  Puddling  is  nothing 
than  lining  the  bottom  and  banks  of  canals  or  reservoirs  with  this 
pared  clay  or  loam  so  as  to  enable  them  to  hold  water  effectually,  an 
only  difficalty  is  in  the  mode  of  doing  so  effectually. 

238.  The  ordinary  method  resorted  to  in  England  for  rendering  i 
water-tight,  after  they  have  been  formed  in  soil  that  will  not  hold 
ter,  is  to  line  them  to  a  thickness  of  from  six  inches  to  a  foot,  witt 
beaten  up  with  water  and  wheat  or  rye  straw  (bhoosa)  by  a  hoe,  and 
to  apply  it  as  a  plaster,  as  soon  as  it  has  become  sufficiently  dry  to  pn 
its  slipping  or  sliding  down.  It  remains  exposed  to  the  air  a  few  ( 
in  order  that  the  outer  surface  may  become  dry  enough  to  maintai 
form,  and  then  the  water  should  be  let  in  upon  it,  so  as  to  fill  it,  a 
well  executed,  it  will  generally  prove  water-tight.  It  is,  however,  I 
means  a  good  or  effectual  process  unless  there  is  the  certainty  of  the 
always  remaining  equally  full,  and  of  the  water  not  being  disturbe 
cattle  going  into  it  to  drink,  or  other  causes.  A  perfect  adhesion 
dom  takes  place  between  the  natural  soil  and  this  lining  ;  conseque 
if  it  is  disturbed,  it  will  gradually  give  way  and  subside  to  the  botto 
the  reservoir,  thus  leaving  the  old  surface  of  the  ground  in  contact 
the  water.  If  the  height  of  water  is  subject  to  change,  a  conside 
portion  of  the  top  of  the  lining  becomes  exposed  to  the  sun,  and  in  di 
will  crack  and  open  through  its  whole  thickness,  thus  permitting 
water  to  escape  when  the  pond  becomes  full  again.    This  may  be  p 
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preyented  by  covering  the  npper  part  of  the  lining  with  sods  or  tnrfs  of 
grass,  bat  as  the  grass  will  not  grow  and  thrive  nnder  the  water,  it  only 
affords  protection  to  the  upper  part. 

239.  The  only  means,  therefore  of  nsing  a  puddle  lining  effectually 
is  to  enclose  it  within  the  bank  in  such  a  manner  that  it  is  supported  by 
earth  on  both  sides,  is  kept  constantly  moist,  is  never  exposed  to  the  sun 
or  external  air,  or  indeed  to  disturbance  of  any  kind,  and  then  it  will  last, 
and  be  effective  for  ever ;  and  such  is  the  process  that  should  constantly 
be  resorted  to  in  puddling  the  banks  of  canals.  This  is  done  by  forming 
what  is  technically  called  a  puddle-gutter  in  the  bank,  but  the  manner  ia 
which  this  must  be  made  must  depend  upon  the  nature  of  the  soil  to  bt 
dealt  with.      Thus,  suppose  in  the  portion  of  canal  represented  in  the 

I 


wood-cut  that  the  soil  bounded  by  the  original  surface  line  ib/,  should  be  day 
or  any  earth  that  is  capable  of  retaining  water,  there  will  be  no  necessity 
for  pudding  any  part  of  the  work,  except  the  newly  formed  bank,  krqrif 
which  is  wholly  above  the  surface  and  may  require  securing.  In  this 
case  as  the  natural  soil  is  good,  it  will  only  be  necessary  to  form  a  puddle 
within  the  bank,  the  transverse  section  of  which  is  shown  by  the  lines 
fiuqp,  and  for  this  purpose  an  excavation  must  be  made  longitudinally  in 
that  bank  like  a  foundation  or  opening  for  building  a  wall ;  and  such  an 
excavation  is  called  a  puddle-gutter.  It  must  extend  from  the  top  of 
the  bank  down  to  the  natural  surface,  and  even  penetrate  at  least  a  foot 
or  18  inches  into  it,  and  must  be  wide  enough  for  a  man  to  work  con- 
veniently in  it,  the  usual  width  being  from  30  inches  to  3  feet. 

All  the  previously  contained  soil  having  been  thrown  out,  the  process  of 
puddling  begins.  This  is  performed  in  England  by  a  man  using  a  scoop- 
tool,  like  Fig,  2,  page  241,  and  wearing  a  pair  of  very  thick  and  strong 
boots  made  for  the  purpose,  called  puddling-boots.  They  come  above  the 
knee  and  should  be  impervious  to  water,  like  the  high  boots  nsually  worn 
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by  fishermeiL.  Katifes  of  India  dispense  with  the  nse  of  boot<^  pnddling 
with  their  naked  feet.  The  ground  is  loosened  in  the  bottom  bj  the  scoop, 
but  is  not  thrown  out ;  that  done,  a  pretty  copioas  supply  of  water  is 
sent  into  the  puddle^gutter  by  buckets  or  a  temporary  pump,  and  the 
workmen,  by  pressing  down  the  scoop  tool,  and  walking  backwards  and 
forwards  in  the  puddle-gutter,  teduce  all  the  natural  soil  that  has  been 
distribated  into  a  state  of  very  soft  mud  or  slush,  as  it  is  called.  This 
is  done  for  the  purpose  of  producing  an  intimate  union  and  incorporation 
between  the  natural  soil  and  the  puddltng-stuff  to  be  afterwards  added. 
The  padding-stuff  is  now  brought  in  barrows  and  cast  into  the  gutter, 
to  be  treated  in  the  same  manner ;  a  copious  supply  of  water  must  con- 
stantly be  giren ;  and  the  more  the  stuff  is  trod  and  worked  by  the  feet 
and  scoop  the  more  perfect  the  puddle  will  be.  Nothing  is  found  to  an- 
swer the  purpose  so  effectually  as  treading  with  the  feet,  and  the  layers 
of  puddling-stuff  should  never  exceed  9  inches  in  thickness  without  being 
trodden  and  worked.  The  stuff  should  be  kept  so  wet  that  the  feet  sink 
in  8  or  9  inches  at  eveiy  step,  and  the  same  operation  is  continued  until 
the  puddle-gutter  is  filled  to  the  top,  or  at  any  rate  to  a  greater  height 
than  that  at  which  the  water  in  the  canal  or  resenroir  will  stand.  Dry 
earth  is  then  placed  over  the  top  of  the  puddling,  to  protect  it  from  the 
swi  and  air,  while  the  body  of  it  is  sure  to  be  kept  moist  by  the  water 
that  percolates  through  the  inner  part  of  the  bank. 

When  the  necessity  of  puddling  is  ascertained  before  the  work  is  com- 
menced, the  puddle-getter  may  be  formed  by  a  less  expensive  method 
than  that  just  described  ;  because,  instead  of  excavating  it  in  the  bank 
after  it  has  been  finished,  it  may  be  left  vacant  while  the  bank  is  form- 
ing, or  in  other  words,  the  embankment  may  be  formed  in  two  separate 
parts,  as  pnq  and  kzru;  and  to  prevent  the  gutter  falling  in  and  getting 
filled  with  the  materials  of  the  bank,  the  puddling  process  may  go  on 
simultaneously  with  it,  so  that  the  whole  may  by  kept  nearly  at  the  same 
leveL 

240.  It  frequently  happens  that  the  whole  of  a  reservoir  or  portion 
of  a  canal,  may  be  upon  sand,  gravel,  or  some  soil  that  will  not  contain 
water  in  any  part ;  and  then,  of  course,  partial  puddling  would  be  ineffec- 
tual, and  the  whole  surface  must  be  made  secure.  Under  such  circum- 
stances it  would  not  even  be  safe  to  puddle  the  bottom  and  make  puddle- 
gutters  romid  the  banks,  becanse  if  the  banks  themselves  were  of  poroos 
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mm-TetentiTe  materials,  and  they  stood  upon  soil  of  the  same  charac- 
ter the  water  would  percolate  through  them  and  escape.     In  such  a  case 
ftttcfore,  the  puddling  must  run  under  the  foundations  of  the  banks  and 
we  ifanost  perpendicularly  behind  them  so  that  the  work,  instead  of  be- 
kg  excavated  or  formed  with  sloping  banks  in  the  first  instance,  must  be 
famed  with  them  on  a  nearly  vertical  shape,*ns  in  the  wood-cut.    Such  was 
ffce  case  with  the  large  reservoirs  of  the  West  Middlesex  Water  Works. 

They  were  formed  wholly, 
in    open    porous    gravel, 
worked,  in   the   first   in- 
stance, into  a  shape  like  the 
section  shown  by  ABCD. 
A  bed  of  puddling  IE,  EI, 
then  worked  over  the  whole  bottom  to  a  depth  of  3  feet,  and  gravel 
(wheeled  in  to  form  the  angular  slopes  EIG,  as  soon  as  the  bottom  pud- 
dle had  become  sufficiently  hard  to  bear  it.     Care  was  taken  to  leave  the 
B0irlj  vertical  puddle-gutters,  AGBI  and  GDIC,  3  feet  wide,  between  the 
intnnal  slopes  as  they  were  formed,  and  the  natural  ground  behind,  and 
llii  paddle  was  incorporated  with  that  in  the  bottom,  and  carried  up  with 
tk  banks  as  they  proceeded,  so  as  to  make  the  whole  perfectly  water- 
t^Iii,  in  as  unpromising  a  piece  of  ground  as  could  well  have  been  selected. 
The  difficulty  of  obtaining  good  material  for  puddling  near  the  place 
iriiere  it  is  wanted,  often  proves  a  great  drawback  to  the  construction  of 
narig^le  canals,  and  increases  their  expense  very  materially.     The  £!n- 
gineer,  therefore,  when  he  meets  with  it  on  a  line  ought  to  reserve  it,  if 
pofldble,  and  not  permit  it  to  be  deposited  on  the  banks  or  other  places, 
where  it  may  be  of  no  use,  and  from  which  perhaps,  it  cannot  be  afterwards 
TemoYed. 


SECTION    III.-CARPENTRY. 


241.  Carpentry  is  the  art  of  combining  pieces  of  Twiher  for  the  a 
port  of  any  considerable  weight  or  pressure.  The  first  thing  therefor 
determine  is,  the  nature  and  extent  of  the  stresses  on  the  seyeral  com 
nent  timbers.  This  being  known,  the  necessary  scantling  to  renst  tt 
stresses  can  easily  be  ascertained.  As  a  rule  it  may  be  said  that  the  timl 
should  be  so  arranged  as  to  meet  the  stresses  in  the  directions  of  tl 
lengths,  for  beams  are  more  liable  to  fracture  by  cross  strains  than 
those  of  extension  or  compression ;  they  should  also  be  so  arranged  t 
the  frame  may  preserve  its  form  unchanged  when  subjected  to  the  loa 
is  intended  to  support  The  one  consideration  determines  the  gtaU 
of  resistance^  the  other,  the  stability  of  position. 

The  principal  frames  employed  by  Engineers  are  for  Boofs,  Centen 
for  Arches,  Floors  and  Partitions^  Doors  and  Windows^  Stairoa 
Bridges  and  Coffer-dams,  The  two  last  will  not  be  treated  of  here,  bf 
considered  under  the  sections  on  Bridges  and  Masonry. 


CHAPTER    XII. 
JOINTS,  SCARFS,  TRUSSED  AND  BUILT  BEAMS. 

242.    Joints. — When  two  pieces  of  wood  are  joined  by  the  sin 
contact  of  the  end  of  the  one  piece  with  its  bed  on  the  other,  we  say  \ 
they  ahut^  or  are  joined  by  a  plain  joint.     This  mode  of  joining  does 
prevent  the  one  piece  sliding  on  the  other,  unless  it  is  fastened  with  n 
or  bolts. 

The  contrivances  by  means  of  which  one  piece  is  prevented  fi 
sliding  on  the  other  are  called  mortises ^  joggles^  &c. 

The  putting  together  of  two  pieces  of  wood  may  be  done  in  it 
ways : — 

I.    They  may  meet  and  form  an  angle;  and  this  mode  has  it 
cases — 
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1.  The  end  of  one  piece  ma;  be&r  npun  &  point  in  the  length  of  the 
other.  This  c&bo  ie  Uie  most  frequent,  and  gives  rise  to  the  jnoititt' 
md-tenim  joint,  the  joggle-jomt,  and  to  all  those  which  are  modifications 
of  those  two  {vide  para.  243,  and  Plate  XXV.) 

2.  The  two  pieces  can  be  joined  mutually  by  their  extremities  under 
any  angle  whatever.  This  forma  the  a>u/U-}omt  {vide  parac.  2  j4,  245, 246 
uid  Plate  XXVI.) 

S.  They  may  cross  each  other ;  and  this  result  is  the  noCcA-joint  {vide 
para.  247). 

II.  Tito  pieces  of  wood  may  be  joined  in  a  right  line  by  lapping  and 
indenting  the  meeting  ends  on  eauh  other.     This  is  called  scarfing  {vide 


III.  Two  pieces  of  wood  may  be  joined  Ion  gi  tad  in  ally  end  to  end,  the 
joint  being  secured  by  coTering  it  on  opposite  sides  by  pieces  of  wood 
bolted  to  both  beams.     This  process  is  termed  ^jAi'n^  {vide  pnra.  249). 

243.  Mortise  and  Ttmon. — The  Mortise  and  Tenon  joint  is  the  princi- 
ple of  the  greatest  number  of  the  other  joints.  It  ie  neeessary,  therarore, 
to  describe  it  first  at  length. 

In  the  simplest  case  of  a  tenon  and  mortise  joint,  the  two  pieces  of 
wood  meet  at  right  angles.  The  tenon  a  is 
formed  at  the  extremity  of  the  piece  A,  in  the 
direction  of  its  fibres  and  parallel  to  its  axis 
m  n^by  two  notches,  which  take  from  each 
side  a  parallelepiped  on.  The  planes  of  the 
sides  /,  g,  of  the  tenon  are  always  parallel  to 
the  face  b  of  the  timber,  and  the  other  planes 
of  the  notch  at  right  angles  to  it. 

The  mortise  ie  hollowed  in  the  face  of  the 
piece  B,  and  is  of  exactly  the  same  size  and 
form  as  the  tenon,  which  therefore  perfectly 
fills  it.    The  two  sides  of  the  mortise  which 
correspond  to  the  breadth  of  the  tenon  ahonld 
be  parallel  to  the  direction  of  the  fibres  of  the 
wood.     The  sides  of  the  mortise  are  called  its 
cheeks;  and  the  square  parts  of  the  timber  A  from  which  the  tenon  pro- 
jects, and  which  rest  on  the  cheeks  of  the  mortise,  are  called  the  shoul- 
ders of  the  tenon,  and  its  springing  from  these  is  called  its  root. 
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As  the  cheeks  of  the  mortise  and  the  tenon  are  exposed  to  the  sanw 
amount  of  strain  in  a  system  of  framing,  it  follows  that  each  should  be 
equal  to  one-third  of  the  thickness  of  the  timbers  in  which  thej  are  made* 

The  length  of  the  tenon  should  be  eqnal  to  the  depth  of  the  mortiati 
80  that  its  end  should  press  home  on  the  bottom  of  the  mortise  when  Hi 
shoulders  bear  upon  the  cheeks ;  but  as  perfection  in  execution  ia  unit* 
tainable,  the  tenon  in  practice  is  always  made  a  very  little  shorter  thaa 
the  depth  of  the  mortise,  that  its  shoulders  may  come  close. 

TV  hen  the  mortise  and  tenon  joint  is  cut,  adjusted,  and  pat  together 
the  pieces  are  united  by  a  key  or  tree  nail.  The  key  is  generally  roondy 
with  a  square  head,  and  in  diameter  is  about  equal  to  a  fourth  part  of  tlia 
thickness  of  the  tenon. 

244.     Angle  Joints. — Strut  and  Tie-joint, — The  first  case  of  the  J 
first  mode  of  jointing  above  referred  to  is  exemplified  in  Plate  XXT^ 
Fig,  1 . — No.  1  shows  the  joint  formed  by  the  meeting  of  a  principal  raftv 
and  tie-beam,  c  being  the  tenon.    The  cheeks  of  the  mortise  are  cut  dovft 
to  the  line  df,  so  that  an  abutment  e  d  is  formed  of  the  whole  width 
the  cheeks,  in  addition  to  that  of  the  tenon ;  and  the  notch  bo  formed 
called  a  joggle.     No.  2  shows  the  parts  detached  and  in  perspectire.    Ift 
will  be  seen  that  a  much  larger  bearing  surface  is  thus  obtained. 

Fig,  2. — No.  1  is  an  elevation  of  a  joint,  differing  from  the  last  by 
having  the  anterior  part  of  the  rafter  truncated,  and  the  shoulder  of  the 
tenon  returned  in  front.     It  is  represented  in  perspective  in  No.  2. 

Fig,  3. — Nos.  1  and  2  show  the  geometrical  elevation  and  perspective 
representation  of  an  oblique  joint,  in  which  a  double  abutment  or  joggle 
is  obtained.  In  all  these  joints,  the  abutment,  as  d  «,  Fig.  1,  should 
be  perpendicular  to  the  line  d  f;  and  in  execution,  the  joint  should  be 
a  little  free  at  /,  in  order  that  it  may  not  be  thrown  out  at  d  by  the 
settling  of  the  framing.  The  double  abutment  is  a  questionable  ad- 
vantage ;  it  increases  the  difficulty  of  execution,  and,  of  course,  the  evils 
resulting  from  bad  fitting.  It  is  properly  allowable  only  where  the  angle 
of  meeting  of  the  timbers  is  very  acute,  and  the  bearing  surfaces  are 
consequently  very  long. 

Fig^  4. — Nos.  1  and  2  show  a  means  of  obtaining  resistance  to  sliding 
by  inserting  the  piece  c  in  notches  formed  in  the  rafter  and  the  tie-beam : 
d  e  shows  the  mode  of  securing  the  joint  by  a  bolt. 

Fig.  5. — Nos.  1  and  2  show  a  very  good  form  of  joint,  in  which  the 
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place  of  the  mortise  is  supplied  hj  a  groove  c  in  the  rafter,  and  the  place 
of  the  tenon  by  a  tongue  (or  bridle)  d  in  the  tie-beam.  As  the  parts  can 
be  all  seen,  thej  can  be  more  accurately  fitted,  which  is  an  advantage  in 
heavy  work.  In  No.  1  the  mode  of  securing  the  joint  by  a  strap  h  V  and 
and  bolts  is  shown. 

In  making  each  of  these  joints,  care  must  bo  taken  that  the  length  of 

the  fibres  left  between  the  abutment  at  h  and  the  end  a  of  the  tie-beam,  is 

sufficient  to  resist  safely  the  tendency  of  the  longitudinal  component  of 

the  thrust  against  the  abutment  or  notch  to  shear  them  ofif :  that  is  to  say, 

let  H  z=  horizontal  component  of  thrust  of  rafter. 

h  =  breadth  (in  inches)  of  tie-beam. 

I  =  distance  (in  inches)  from  notch  to  end  of  tie-beam. 

/  z=  resistance  of  wood  to  shearing. 

8  zz  9k  factor  of  safety. 


Then 


*  of 


According  to  Tregold,  4  is  a  sufficient  value  for  8  in  this  case :  and  if  we 
take  for  the  value  of  /  in  tlie  case  of  oak  2,300  lbs.,  or  for  fir,  600  lbs. ; 

XT  JI 

the  value  of  I  would  be,  for  oak  ^^r-r ,  for  fir 


675  b '  160  b' 

If  the  rafter  and  tie  be  bound  together  with  a  bolt  or  strap,  in  a  direc* 
tion  making  as  acute  an  angle  as  practicable  with  the  tie,  the  joint  is 
made  much  more  secure. 

245.  King-post  joints, — Fig.  6  shows  the  several  joints  which  occur 
in  framing  the  king-post  into  the  tie-beam,  and  the  stmts  into  the  king- 
post. A  is  the  tie-beam ;  B  the  king-post ;  and  C  and  D,  struts.  The 
joint  at  the  bottom  of  the  king-post  has  merely  a  short  tenon  e  let  into  a 
mortise  in  the  tie-beam.  The  abutment  of  the  strut  D  is  made  square 
to  the  back  of  the  strut,  as  far  as  the  width  of  the  king-post  admits,  and  a 
short  tenon  /  is  inserted  into  a  mortise  in  the  king-post.  The  abutment 
of  the  joint  of  C  is  formed  as  nearly  square  to  the  strut  as  possible. 

The  term  king-post^  gives  quite  an  erroneous  notion  of  its  functions, 
which  are  those  of  a  suspension  tie.  Hence  the  necessity  for  the  long 
strap  b  a  bolted  at  d  d,  and  secured  by  wedges  at  c.  The  old  name  king- 
piece  is  better  than  king-post. 

Fig.  7. — In  this  figure,  the  superior  construction  is  shown,  in  which 
a  king-bolt  of  iron  CD  is  substituted  for  the  king-post.    On  the  tie-beam 
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man,  Bcntra,  ntniD  ivs  Birn.T  aum. 


A,  Is  bolted  by  the  bolts  a  e,  d/,  the  cut^iron  plate  mud  Bockets  d  ^  c  ^ 
the  inner  parts  of  which  hg,  hg,  form  solid  abntmenta  to  tho  enda  of 
Btrato  BB.  The  king-bolt  passes  through  a  bole  in  th«  middle  of  1| 
cast-iron  socket-plate,  and  is  secared  below  by  the  nat  D.  A  botlM 
plate  </preTents  the  crushing  of  the  fibres  by  the  bolts. 

Plate  XXVI. — Figt.  I  to  5  show  varioQM  methods  of  framing  the 
of  the  rafters  and  king-poets  by  the  aid  of  straps  and  bolts. 

Fig.  6  shows  at  D  what  may  be  considered  the  npper  part  of  the 
king-bolt  as  is  ebown  in  Plate  XXV.,  Fig.  7,  with  the  mode  of  oonne 
the  rafters.     A  cast-iron  socket-piece  C  receiree  the  tenona  a  a  of  fk 
rafters  AA,  and  baa  a  hole  through  it  for  the  bolt,  the  head  of  whid 
is  coDntersnnk.     B  is  the  ridge-piece  set  in  a  shallow  groore  in  the  in 
socket-piece.     An  eleration  of  the  side  is  given,  in  which  Q  is  the  btl 
F  the  socket-piece,  and  E  the  ridge-piece. 

Figt.  7,  8,  9  and  10,  illustrate  the  mode  of  framing  together  the  piia 
pal  rafter,  queen-post,  and  straining'-piece.  In  the  first  three  ezampli 
the  joints  are  secuiei  by  straps  and  bolts  ;  and  in  the  last  exampli 
qnoen-bult  D  passes  tbrongh  a  cast-iron  socket-piece  C,  which  leeai 
the  ends  of  the  struning-piece  and  rafter,  as  those  of  the  two  raflm 
received  in  Fig.  6. 

Figi.  11  and  12  show  modes  of  securing  the  jnnction  of  the  coUar-l 
and  rafter  by  straps ;  and  Figs.  13  and  14,  modes  of  securing  the  ji 
of  the  strut  and  the  rafter  by  straps. 

In  all  these  cases  where  tho  stmt  and  rafter  abnte  against  a  notd  or 
shoulder  abutment  in  the  king-piece,  the  distance  of  (he  notch  or  sbonlda 
from  the  end  of  tho  piece  is  to  be  detcnnincd  by  the  same  formnla  ■■  m 
the  case  of  a  rafter  abutting  on  tho  end  of  a  tje-beam. 

246.  A  better  mode,  however,  than  any  shown  in  Plates  XXT.  ni 
XXTI.,  where  the  framing  admits  of  tks 
arrangGment  is  to  make  suspending  pieeH 
in  pairs,  so  that  the  raft«n  from  wluA 
they  hang  may  ahnt  between  them  direct- 
ly against  each  other.  G  and  F  are  tW 
ends  of  a,  pur  of  rafters  abntting  agaiMl 
each  other.  A  and  B,  tho  upper  ends  of 
a  pair  of  snspending  pieces,  notched  apM 
the  rafters,  and  bolted  to  each  other  through  (he  blocks,  or  filling  piees^ 
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and  EL      If  these  figares  be  tamed  npside  down,  thej  will  represent 

IB  lower  ends  of  a  pair  of  Baspending  pieces,  forming  a  wooden  stirmp 

ir  the  support  of  a  beam,  or  of  the  ends  of  a  pair  of  stmts,  as  the  case 

lay  be. 

847.      Jfatch  jinnU — The  third  case  of  the  first  mode  specified  in  para. 

242,  is  applicable  to  xioall  plates,  and  timbers 
in  similar  positions.  If  one  timber  altogether 
crosses,  or  slightly  overlaps  the  other,  the  joint 
maj  be  of  the  form  shown  at  A,  when  the 
beams  are  said  to  be  halved :  bnt  in  a  case  when 
the  ends  haye  to  be  cat  fair,  (as  in  external 
wall-plates,)  the  arrangement  shown  at  0, 
should  be  adopted. 
TtnB  principal  of  notching  with  sqaare  abutting  joints  should  invariably 

be  abopted  in  preferenoe  to  dove-tail  pinta  (as  at  B), 
which  owing  to  internal  shrinking  of  the  wood  can- 
not be  depended  on  in  Carpentry  (though  admissable 
in  some  kinds  of  Joinery). 

248.    Lbngthbnino  Timbers. — ^The  second  and 
modes  of  joining,  specified  in  para.  242,  which  are  applicable  to 
posts,  &c.,  joined  in  the  direction  of  their  length,  are  termed 
i^fi^  and  fishing,  and  are  performed  in  a  variety  of  ways  dependent 
npon  iprhether  the  lengthened  timber  is  to  be  subjected  to  compression, 

cross  strain. 
Se4X3rfi:ng» — ^Where  two  pieces  of  timber  are  joined  so  as  to  preserve  the 
breadth  and  depth  throughout,  and  thus  to  appear  like  one  piece  (as 
most   neatly  finished  work)  scarfing  is  adopted.     In  each  part  of  the 
to  be  joined,  the  parts  of  the  joints  which  come  in  contact  (as  at 
Fiff^  1)  ve  called  Scarfs ;  and  if  the  scarf  be  formed  with  an  indented 
its  projections  are  termed  tables  (as  at  oc,  c'h,   Fig.  3).     In 
forminfiT  ^  scarf  it  should  be  borne  in  mind  that — (1)  the  bearing  parts 
tiHonld.  liave  as  large  a  bearing  surface  as  possible ;  (2),  this  surface  should 
^j^^e  the  beet  form  for  resisting  the  strains  to  which  it  will  be  subjected ; 
f  3^     the  effect  of  the  inevitable  shrinkage  and  expansion  should  be  consi- 
dered ;  C^)}  ^e  timber  should  be  cut  as  little  as  possible ;  and  (5),  all  un- 
^i^^oessaxy  complications  and  difficulties  in  workmanship  should  be  avoided. 
33ie  case  of  beama  fiubject  to  tensile  strain  will  be  first  considered.    It  is 
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obyioQS  that  if  a  simple  oblique  scarf  be  made  at  the  end  of  eac 
and  the  two  scarfs  AB,  B  A,  be  brought  into  oyer-Iapping  contact,  1 

Fig.  1.  AB  is  useless 

gards  conneetioi 
scarfed  pieces,  n 
cured  by  bolts, 
plates  or  $trapi 
terposed    betwei 

nuts  and  timber,  to  prevent  tbe  fibres  of  the  latter  being  crushed 
screwing  up  of  the  nuts.  Here  tbe  distance  from  A  to  B  is  cal 
length  of  the  scarf:  and  the  strength  depends  entirely  upon  thi 
and  straps. 

If,  however  a  Jcey  or  pair  of  wedges  of  hard  wood  be  added  in  tb 
die  of  the  joint,  notched  equally  into  both  beams,  the  key  and  ind 

Fig.  2.  the  scarf  w31  i 

seme  resistance 
opening  of  the 
under  tensile  i 
but  not  suffide 
obviate  the  nei 
for  bolts. 

This  form  of  joint  is  very  much  improved  by  each  scarf  bemg 
and  indented,  the  key  being  interposed  (as  in  the  eccond  case),  b( 

Fig»  3.  the  tahU  a  c  of  the 

and  the  table  h  c' 
upper  scarf.  In  tb 
a  continuous  sti 
iron  is  placed  both 
and  below  the  jo 
prevent  injury  from  the  bolts,  and  the  ends  of  the  strap  may  be  slight] 
and  let  into  the  wood.  Tbe  key  or  double  wedge  K  should  only  1 
ven  so  as  to  bring  tbe  parts  to  their  proper  bearing :  as  it  would  be 
to  omit  it  than  to  drive  it  so  as  to  produce  much  constant  strain 
joint.  When  bolts  are  to  be  added,  before  their  insertion  the 
should  be  brought  to  a  bearing  by  means  of  the  key. 

The  oblique  scarf,  as  shown  above,  has  little  to  recommend  it  I 
the  facility  of  construction  and  capability  of  being  easily  fitted,     B< 
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htroddced)  do  not  press  tlie  snrface  in  a  perpendicular  direction,  and  the  - 
tlitiqae  presGnre  must  hare  some  tendency  to  separate  t)ie  joint. 

"Dn  form  of  scarf  shown  in  Fig.  4  involves  no  difficnltiea  in  csx- 
Fig.  *.  pentiy,  and  has 

the  advantage 
of  sqnare  abat- 
ments  Aa,  Bft, 

Vt,  it,  and  no  oblique   snrfacra.     This    scarf   wonld    answer    without 
Mtt:  bnt  its  strength  wonid  be  moch  increased  bj  tbo  addition  of  straps 
■d  bolts  (as  in  No.  3),  and  in  this  case  the  kej  is  necesaaTj. 
Barfs  are  often  made  with  nnmeroDs  tables,  indents  and  beys :  bnt 
Fig.  5.  the  mnltiplica- 

tion  of  their 
details  iocreas- 
es  the  difficul- 
ties of  work' 

■•-■hip  and  the  chances  of  in accnrtte  fitting.  Nn.  5,  is  however  a  form  of 
mt  given  by  Tredgold,  and  specified  aa  veiy  simple  and  easy  to  execute ; 
it  ii  a  modification  of  No.  i. 

h  the  case  of  beams  and  joints  snbjected  to  compntsi'on,  it  is  erident 
ftit  obliqne  scarfs  and  abutments  are  altogether  inapplicsble.  Snch 
joktl  however  as  are  adapted  for  besms'snbjected  to  tensils  strsins,  and 
^  nde  abatments  traly  perpendicular  to  the  directinn  of  the  force,  are 
*V^  snited  for  compressed  posts  and  beams.  To  prevent  side  shifting 
"■Kdvantageons  to  add  at  the  end  of  each  scarf  a  tongveax  mortise  and 
Fig.  6. 


^"OS,  as  shown  in  Fig.  6,  wliich  gives  an  angnlar  view  of  an  admirable 
^*f  adopted^for  beams  sabjected  to  tensile,  compressing,  or  cross  strains. 

^**«  the  iron-strap  tX  ab  e  d  covering  the  joint  on  the  lower  surface,  is 

^PtHxed  to  be  removed  to  show  the  tongne  at  e. 
*X  is,  however,  in  the  case  of  beams  to  resist  crou  strain  that  lengthen* 
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ing  is  most  frequently  required :  for  instance,  in  a  tie-l>eam  of  a  roof  tni 
carrying  a  ceiling  or  other  weight,  or  in  a  chord  or  girder  of  a  hni§ 
truss,  the  strain  in  the  direction  of  its  length  may  be  small  in  compaiiaa 
with  the  cross-strain,  which  will  therefore  require  the  first  considentioii 
In  such  a  case  the  parts  of  the  beam  above  the  middle  depth,  or  neota! 
axis,  will  be  in  compression,  and  in  these  parts  oblique  tables  or  abutoMili 
will  be  inadmissable :  while  in  the  lower  parts  where  tensile  strains  eoM 
into  play,  any  deep,  square  cut,  abutment  would  be  a  source  of  weakDOi^ 
and  an  oblique  bearing  would  with  advantage  be  used ;  an  inni  strap  mi 
bolts  being  added  below  to  prevent  the  joint  opening,  and  to  give  tla 
necessary  tensile  strength.     These  conditions  are  satisfied  in  a  jcoft 

Fig.  7.  of    the   km 

shown  in  j^iji^ 
7.  Itmoitba 
borne  inmnl 
that  theJoiDl 

must  be  placed  as  far  as  practicable  where  the  bending  moment  is  smaL 
In  every  case  as  above  described,  the  scarfs  are  placed  one  abore  tfit 
other,  but  it  is  considered  by  some  authorities  (e.  g.j  Rankine),  that  tbetts 
(under  cross  strain)  when  scarfed  as  above  recommended,  will  be  stronger 
with  the  scarf  "up  and  down"  rather  than  "fiat-wise'* — the  surfiMi <ii 
the  scarf  being  then  parallel  to  the  vertical  direction  of  the  load.  Oattii 
view  the  plane  of  the  paper  in  Figs.  4,  5,  7  would  represent  a  horifoatal 
plane :  and  in  Fig,  Qjabcd  would  be  on  the  side,  instead  of  on  the  under  n^ 
face  of  the  beam.  But  it  is  necessary  to  add,  that  this  is  based  on  expert 
ments  made  by  Col.  Beaufroy,  and  quoted  by  Barlow  (Strength  of  H^ 
terials,  para,  71) :  these  experiments  appear  to  have  been  very  few,  indo 
record  seems  to  have  been  kept  of  the  form  of  scarf  experimented  upon, 
matter  of  paramount  importance  in  an  investigation  of  this  nature ;  for  2 
is  evident  that  some  form  of  scarf  if  made  ''  flat-wise"  would  be  qmC 
unfitted  to  bear  cross  strains,  and  might  be  very  much  strengthened  b^ 
being  set  "  up  and  down :  "  while  a  "  flat-wise  "  scarf  specially  designee 
to  meet  such  strains,  might  have  all  its  special  adaptations  neutralised  i 
placed  "  up  and  down."  Beaufroy^s  experiments  cannot  therefore  be  eon 
sidered  to  establish  conclusively  the  opinion  expressed  by  Rankine. 

In  scarfing  beams  to  resist  a  cross  strain,  it  is  advisable  to  apply  hoop 
or  straps  in  preference  to  bolts.    It  must  of  course  be  remembered  tbs 
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neglecting  the  effect  of  bolts  and  straps,  a  scarfed  beam  is  not  half  as 
strong  as  an  entire  beam  of  similar  dimensions.  In  all  the  above  cases 
similar  considerations  determine  the  proper  proportions  between  the  depth 
of  the  beam,  the  length  of  the  scarf,  and  the  depth  of  the  indents. 

In  Fig.  8,  the  tensile  strength  of  b  c,  the  compressible  strength  of  a  e, 
and  shearing  strength  of  c  d^  should  be  all  equal.    If  the  tensile  and 

Fig.  8. 


compressible  resistance  of  wood  are  equal,  a  c  should  be  one-third  the 
depth  of  the  whole  beam :  and  c  d  should  (1)  in  fir  =  8  to  10  c  5 ;  (2) 
in  hard  wood  =  1 6  to  20  c  6. 

Tredgold  gives  the  following  rules  for  the  proportion  which  the  length 
of  a  scarf  should  have  to  the  depth  of  the  tie. 

Withont  With  With  bolto 

bolta.  bolto.  and  indoiti. 

Oak,  Ash,  Elm  or  similar  woods,  ..6  8  2 

Fir  woods, 12  6  4 

When  it  is  necessary  to  join  two  pieces  of  timber  without  shortening 

Fig.  9. 


them,  a  joint  such  as  shown  in  Figs.  9  and  10,  may  be  used:  where  each 

Fig.  10. 


piece  is  abutted  against  the  other,  and  an  intermediate  piece  is  applied  so 
as  to  fit  the  scarfs  cut  in  the  lower  surfaces  of  the  abutting  pieces,  the 
three  being  secured  by  iron  straps  and  bolts. 

249.  Fishing. — When  the  beam  is  not  required  to  be  of  the  same 
dimensions  throughout,  fishing  may  be  adopted.  This  is  the  simplest 
and  perhaps  the  best  method  of  lengthening  a  tie,  and  is  effected  by 
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abutting  the  tiro  end8^(a|  a,  Fig,  11)  together,  placing  a  piece  of  timber 

Fig,  11. 


(b  b)  on  each  side,  and  firmlj  bolting  these  together.  It  is  obvious  that 
in  a  tie  the  strength  of  this  joint  depends  on  the  bolts,  and  the  lateral 
adhesion  and  friction  produced  by  screwing  the  parts  tightly  together: 
the  limber  is  weakened  only  so  far  as  its  effectiye  sectional  area  is  dimini- 
shed by  the  bolt  holes. 

The  dependence  on  the  bolts  may  be  lessened  by  indenting  the  parts 

Fig.  12. 


together  as  shown  by  the  upper  side  of  Fig.  12  ;  or  by  putting  keys  in 
the  joints  as  shown  by  the  lower  side  of  the  same  figure ;  but  the  strength 
of  the  beam  will  be  decreased  in  proportion  to  the  depth  of  the  indents. 

The  only  reasons  for  not  wholly  depending  on  the  bolts  are,  that  should 
the  parts  shrink  ever  so  little,  the  bolts  lose  a  great  part  of  their  effect, 
and  the  smallness  of  the  bolts  renders  them  liable  to  press  into  the  timber 
and  then  to  suffer  the  joints  to  yield. 

The  sum  of  the  area  of  the  bolts  should  never  be  less  than  one-fifth 
the  area  of  the  section  of  the  beam,  and  they  should  not  be  placed  too 
near  the  ends  of  the  pieces. 

In  the  case  of  a  strut  or  post  under  compression,  the  two  pieces  should 
abut  against  each  other  at  a  plane  surface,  perpendicular  to  the  direction 
of  the  thrust ;  and  to  keep  them  steady  they  may  either  be  fished  on  all 
four  sides,  or  have  their  abutting  ends  enclosed  in  an  iron  socket  made  to 
fit  them.     Joints  in  struts  should  if  possible  be  stayed  laterally. 

250.    Trussed  Girders.— When  the  bearing  exceeds  about  22  feet,'*' 
it  is  very  difficult  to  obtain  timber  large  enough  for  girders;  in  such 
cases  it  is  usual  to  truss  them. 
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A  nictliod  of  strengthening  a  timber  girder  without  increasiag  tha 
depth  is  shown  in  Fiij.  A,  where  a  plate 
of  wrought-iron  is  bolted  on  each 
side  of  a  timber  or  beam,  or  as  shown 
in  Fig.  B  where  a  single  plat*  or 
flitch  of  iron  is  placed  between  two 
planks  or  a  beam  cut  down  the  middle 
and  reversed. 

Experiments  made  in  1859  at  the  Woolwich  arsenal  show  that  there  is 
some  advantngo  as  regards  strength  in  a  combination  of  this  kind.  The 
following  is  Hurst's  formula  for  the  breaking  weight  of  beams  with  iron 
ditches  placed  as  in  Figs.  A  and  B. 

W  =  -^  (cJ  +  30r). 

Where  b  and  d  are  breadth  and  thickness  of  the  wood  in  inches,  (  the 
thickness  of  the  iron  flitch  in  inches,  L  the  length  between  snpports  in 
feet,  and  W  the  breaking  weight  in  middle  in  cwts;  c  a  constant  for  the 
kind  of  tiiiibiT  varying  from  4'006  for  teak,  to  2219  for  Cedar. 

Plate  XXVU.  exhibits  several  forms  of  trussed  girders  which  are  oc- 
casionally used.  Fig.  1. — No.  1  is  an  elevation  of  a  trussed  girder,  with 
one  of  the  Hitches  removed  to  show  the  truF^sing.  Ko.  2  is  a  plan  of  the 
beam,  and  No.  3  a  Gcction  through  the  line  ah.  The  trussing -bars  C, 
No.  1,  arc  of  iron,  and  are  sbowii  in  section  enlarged  at  rf.  No.  3.  An 
iron  tension-plate  D  extends  along  the  bottom  of  the  beam,  and  connects 
the  abutment  bolts  AA.  These  bolts  pass  between  tho  flitches,  and  are 
screwed  down  upon  nn  iron  plate  h.  The  central  bolt  B  fulfils  the  func- 
tions of  the  king-post  of  a  trussed  roof.  The  beam  is  generally  sawn  in 
two,  and  the  ends  reveraod,  when  put  together  in  a  truss. 

Fig.  2. — Nob.  I  and  2  arc  the  plan  and  elevation  of  what  may  bo 
called  a  queen- trussed  l>eam.  The  constrnctinn  is  tbe  same  as  the  preced- 
ing, with  the  substitution  of  the  quccn-bolts  BB  for  the  king-bolt. 

Fig.  3  is  an  example  of  a  girder  trussed  with  a  stirrup-piece  h,  end- 
plates  AA,  and  a  tension-rod  A  c  A.  No.  I  is  an  elevation  of  the  beam  ; 
No.  2  is  a  plan ;  and  No,  3  is  an  enlarged  vertical  section  through  the 
line  a  il.  It  is  difficult  to  balance  the  tensile  and  compressive  resistances 
in  a  beam  of  tliis  kind,  so  that  they  may  be  in  action  to  the  same  extent 
and  at  the  same  time ;  and  thia  application  of  iron  in  tmssing  is  now 
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considered  by  many  practical  men  to  be  nearly  naeless.  Hie  beam  it 
considered  to  be  crippled  before  the  iron  begins  to  be  Btrained,  and  there- 
fore this  mode  of  trussing  is  not  now  in  mnch  favor. 

Fig.  4. — Nos.  1  and  2  illustrate  the  application  of  the  tension-rod  on 
what  may  be  considered  the  queen-post  principle,  there  bein^^  two  stir* 
rups  at  a  a. 

Fig,  5. — Nos.  1  and  2  show  a  combination  of  timber  and  wronghi- 
iron.     The  beam  is  composed  of  three  flitches,  the  two  outer  being  of  1 
timber,  and  the  central  of  boiler-plate.     The  flitches  are  bolted  together 
In  the  eleyation  it  is  the  iron  flitch  that  is  shown. 

251.  Built  beams. — Another  way  of  obtaining  timbers,  for  laigs 
spans,  is  by  building  beams  so  as  to  increase  their  depth.  In  Fig.  1 ,  PlaU 
XXVIII.,  two  pieces  of  timber  are  built  into  one  beam  of  doable  tiit 
depth  of  either,  by  the  aid  of  hard-wood  keys  or  joggles^  (which  resist  the 
shearing  stress  at  the  surface  of  junction,)  and  of  vertical  bolts  in  the 
spaces  between  the  keys.  It  is  obvious  that  no  key  nor  bolt  should  be 
put  at  the  middle  of  the  span ;  because  in  general  there  is  no  shearing 
stress  there ;  and  also  because  the  bending  moment  is  in  general  a  maxi- 
mum there,  and  it  is  desirable  to  weaken  the  cross-section  as  little  as 
possible.  The  grain  of  the  keys  should  run  vertically.  According  to 
Tredgold,  the  aggregate  depth  of  all  the  keys  should  amount  to  once  cand 
a-thirdy  the  total  depth  of  the  beam,  and  the  breadth  of  each  key  should 
be  twice  its  depth.  Kankine  suggests  that  the  keys  should,  as  in  Fig,  2, 
make  an  angle  of  45°  with  the  surface  of  the  beam,  a  plan  as  yet  untried. 

In  Fig.  8,  the  two  pieces  of  which  the  beam  is  built  are  indented  into 
each  other,  a  sacrifice  of  depth  being  thus  incurred  equal  to  the  depth  of 
an  indent.  The  abutting  surfaces  of  the  indents  face  outwards  in  the  up- 
per piece,  aud  inwards  in  the  lower,  so  as  to  resist  the  tendency  to  slide. 
According  to  experiments  by  Diihamel,  the  aggregate  depth  of  the  in- 
dents should  amount  to  two -thirds  of  total  depth  of  the  beam.  The  beam 
in  the  flguro  is  slightly  tapered  from  the  middle  towards  the  ends,  in 
order  that  the  hoops  which  are  used  to  bind  it  may  be  put  on  at  the  ends 
aud  driven  tight  with  a  mallet. 

When  a  beam  is  built  of  several  pieces  in  length  as  well  as  in  depth, 
they  should  break  joint  with  each  other.  The  lower  layer  should  be  scarf- 
ed or  flshed  like  a  tie,  and  the  upper  should  have  plain  butt  joints. 

The  upper  layer  of  a  built  beam  is  sometimes  made  of  hard-wood,  aud  the 
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jer  of  fir,  in  order  to  lake  ftdvantftge  of  the  reBisUnce  of  the  for- 

srusbing,  and  of  tlic  tenacity  of  tbo  latter. 

.    Bent  }iib$  are  sometimes  obtained  from  natnrally  bent  pieces  of 

culled  "knees;"  but  naturally  straight  pieces  of  timber  may  be 
ently  bent  by  steaming  them  iiDtil  the  wood  is  softened,  and  while 
condition,  bending  tliem  by  combinations  of  ecreirs,  and  keepinjf 
;nt  until  tbey  dry  and  stiffen.  By  this  process  there  is  a  risk  of 
r  the  tenacity  of  the  fibres  at  the  coiivex  siJo  of  the  piece,  unless 
3  prevented  from  strelching  by  the  following  contrivance,  Fi;}.  4. 
:be  piece  of  wood  to  bo  bent;  its  ends  abut  against  the  bent  parta 
ip  of  boiler-plate,  BB,  which  has  two  eyes,  CO,  that  arc  drawn 
r  by  a  jiair  of  tightening -screws  at  D,  till  the  required  curvatuns 
;iced.     Tbe  whole  of  the  fibres  of  the  timber  are  compressed,  and 

them  have  their  tenacity  injured ;  and  it  is  fonnd  by  experiment 
nt  ribs  made  in  this  way  are  as  strong  as  natural  knees. 

Built  Ribs  are  best  made  by  the  method  represented  in  Figs.  5, 
Fij.  Ti,  is  a  side  view,  and  Fig.  6,  a  plan  of  a  rib  made  of  several 
of  planks  eH  on  edge,  breaking  joint  with  each  other  (as  tho  plan 
,  and  connecteil  together  by  square  bolts  or  wedges.  In  Fig.  5  the 
f  the  planks  are  supposed  cither  to  have  been  originally  curved,  or 
id  the  comers  smoothed  off;  in  Fig.  7  it  is  shown  how  tlicy  may 

with  straight  edges.  A  built  rib  of  this  sort,  properly  constrncted, 
y  as  strong  as  a  solid  rib  of  the  same  depth,  and  of  a  breadth  less 
thickness  of  one  layer. 

:.  Laminated  Hih  are  composed,  as  in  Fig.  8,  of  layers  of  plank 
tu-iM,  breaking  joint,  and  bolted  together.  They  are  easily  made,  and 
ten  used  in  bridges  and  roofs  ;  but  the  experiments  of  Ardant  havo 
that  they  are  weaker  than  solid  ribs  of  the  same  dimensions,  nearly 
ratio  of  nnity  to  the  number  of  layers  into  which  they  are  divided. 
>.  Fig.  9  shows  a  girder  constructed  by  Mr.  Smeaton  for  the  beam  of 
[-engine  ;  the  additional  stiffness  gained  was  considerable.  The  pieces 
be  well  bolted  and  strapped,  and  keys  or  tables  inserted  to  prevent 
[ling  of  the  parts.  In  such  a  manner  a  beam  may  be  built  of  any 
likely  to  be  required  for  a  floor  or  flat  roof.  It  may  here  be  re- 
1,  that  the  position  of  the  indents  in  built  beams  is  not  a  matter  of 
'ence;  for  instance,  sliding  is  effectually  prevented  by  making  the 
)  as  in  Fig.  10,  but  if  tho  same  indcnta  were  reversed  as  in  Fig.  11, 
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sliding  would  not  be  prevented,  and  nearly  the  whole  strain  would  be  oi 
the  bolts. 

256.     The  iron  fastenings  of  timber,  especially  if  in  contact  with  oa^ 
rost  very  rapidly  unless  properly  protected.     Amongst  the  most 
means  of  protection  are  the  following  :— 

I.  Boiling  in  coal-tar,  especially  if  the  pieces  of  iron  have  first  htm 
heated  to  the  temperature  of  melting  lead. 

II.  Heating  the  pieces  of  iron  to  the  temperature  of  melting  lead,  anl 
smearing  their  surfaces  while  hot,  with  cold  linseed  oil,  which  dries  anl 
forms  a  sort  of  varnish.    This  is  recommended  by  Smeaton. 

III.  Painting  with  oil-paint,  which  must  be  renewed  from  time  to: 
time.     The  linseed  oil  process  is  a  good  preparation  for  painting. 

IV.  Coating  with  zinc,  commonly  called  galvanizing.  This  is  effidsnl^ 
provided  it  is  not  exposed  to  acids  capable  of  dissolving  the  zinc ;  bntitii 
destroyed  by  sulphuric  acid  in  the  atmosphere  of  places  where  much  ooil 
is  burned,  and  by  muriatic  acid  in  the  neighbourhood  of  the  sea. 


CHAPTER    XIII. 
ROOFS. 

257.  The  most  usual  forms  of  wooden  roofs  in  India  are  the  Flat, 
and  Pent  or  inclined.  The  former,  generally  called  a  teirace-roof^  is  re- 
commended by  its  simplicity  of  construction,  and  is  in  hot  climates  con- 
venient as  an  upper  story  between  sunset  and  sunrise ;  but  it  is  necessarily 
limited  to  small  spans,  as  sound  timbers  longer  than  22  feet  are  rarely 
procurable,  and  when  procurable  are  inconvenient  and  expensive.  It  also 
has  the  disadvantage  of  being  very  heavy,  and  of  occasioning  a  great  waste 
of  timber. 

Terrace  Roof. — It  is  usually  made  as  follows : — From  side  to  side  of 
the  rooms  stretch  the  beams  or  girders,  placed  usually  at  from  3  to  6 
feet  from  centre  to  centre ;  above  these  girders,  and  stretching  at  right 
angles  to  them  from  one  to  the  other,  are  joists  or  hurgahs  at  12  inches 
apart;  their  distance  being  regulated  by  the  size  of  a  brick,  (usually  12 
X  6  X  3  inches,)  and  above  these  are  either  two  flat  tiles,  one  above  the 
other,  set  in  mortar  and  covered  with  pucka  plaster  of  3  or  4  inches  in 
thickness,  or  one  brick  set  in  mortar  and  covered  in  the  same  way. 
Sometimes  instead  of  using  burgahs,  arches  with  a  very  slight  rise  are 
turned  between  the  girders.  For  small  spans  the  burgahs  may  be  dis- 
pensed with,  the  beams  themselves  being  made  of  small  scantling  and  laid 
1  foot  apart  to  support  the  bricks. 

258.  The  scantling  of  the  beams  will  of  course  depend  on  the  kind  of 
timber  used,  and  on  the  weight  of  the  roof  covering,  and  may  be  deter- 
mined either  from  the  breaking  weight  or  the  deflection  of  the  wood  by  the 
manner  shown  in  the  Section  on  Strength  of  Materials.  The  following 
Tables  of  Scantlings  for  Flat  Roofs  will  be  found  useful.  They  have  been 
calculated  for  Sdl,  but  will  be  found  practically  sufficient  for  Teak  also. 
If  Deodar  be  used  instead  of  s^  or  teak,  scantlings  should  be  taken, 
equivalent  to  those  given  for  spans  of  2  feet  (or  more)  greater  length. 
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L  Table  of  Scaktlinos  of  Sal  Beams  for  Flat  Terraced 

Roofs  with  Burgahs. 

The  beams  are  placed  4  feet  apart,  from  centre  to  centre,  and  thej  sapport  bnrgi 
8  inches  sqaare,  on  which  the  roof  covering  of  3  inches  brick-work,  cnrerlaid  b} 
inches  terracing,  is  placed. 

The  weight  to  be  supported  bj  a  beam  will  be  that  of  the  roof  corering  befcvn 
two  beams,  including  the  weight  of  the  borgahs,  and  that  of  the  beam  itael^  ] 
which  an  approximation  has  been  used. 


Span 

Approxi- 
mate 

weight  of 
beam  at 
62  ms.  a 

cubic  foot 

Weight  of 

roofing  at 

100  lbs.  a 

superficial 

foot 

Weight 
of  beam 
and  roof 
covering 
=  W. 

Breadth 

of 

beam 

=  6. 

Depth 

of 
be.am 

=zd. 

ft 

lbs. 

lbs. 

lbs. 

ins. 

ins. 

7 

85 

2800 

2885 

4 

6| 

8 

111 

3200 

3311 

4| 

6* 

9 

137 

3600 

3787 

4| 

61 

10 

180 

4000 

4180 

H 

71 

11 

218 

4400 

4618 

H 

7| 

12 

263 

4800 

5063 

6 

8» 

13 

315 

5200 

5515 

6| 

9 

14 

374 

5600 

5974 

61 

9| 

15 

452 

6000 

6452 

7* 

10 

IG 

518 

6400 

6918 

7i 

101 

17 

590 

6800 

7390 

7J 

11* 

18 

668 

7200 

7868 

8i 

111 

19 

761 

7600 

8361 

8i 

12i 

20 

878 

8000 

8878 

8} 

12| 

21 

988 

8400 

9388 

H 

13* 

22 

1108 

8800 

9908 

n 

18| 

1 

IL     Table  of  Scantlings  of  Sal   Beams  for   Flat    Terraci 

Roofing  upon  Arches. 

The  beams  are  placed  at  3  feet  apart,  from  centre  to  centre,  and  support  b: 
arches  ;  the  arch  vonssoirs  being  4  inches  deep  with  a  rise  of  2  inches,  the  haunt 
filled  up  solid,  with  brick  masonry  above  the  beams,  to  a  line  with  the  crown  of 
arch  ;  and  4  inches  terracing  over  all.  Approximate  weight  of  beam,  includes 
weight  to  be  supported. 
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feet 


A.pproxi- 

mate 

weight  of 

beam  at 

62  lbs.  per 

cable  foot 

lbs. 


Weight 
of  roofing 
at  115  m& 

per  sap. 
foot 

lbs. 


Weight  of 

of  roofing 

and  beam 

=  W. 

Ibe. 


Breadth 

of  boam 

in  inches 

=  b. 


ms. 


Depth  of 

beam  in 

inches 


BemarksL 


ros 


7 

101 

2415 

2516 

8 

133 

2760 

2893 

9 

168 

3105 

3273 

10 

212 

3450 

3662 

11 

259 

3795 

4054 

12 

816 

4140 

4456 

IS 

378 

4485 

48G3 

14 

447 

4830 

5277 

15 

507 

5175 

5682 

16 

613 

5520 

6133 

17 

702 

5865 

6567 

18 

825 

6210 

7035 

19 

950 

6555 

7505 

90 

1022 

6900 

7922 

21 

1160 

7245 

8405 

22 

1230 

7590 

8820 

SI 

*i 

H 
54 

61 

H 
H 

7 
71 

n 

8 
81 

H 

9 

H 


54 
6 

61 

7k 
7| 

H 

81 

9i 

9f 

lOi 

lOf 

Hi 

llf 
12i 

12f 

13i 


II.      Table  of  Scantlings  of   Sal  Kurbibs  for   Flat  Tbrragbd 
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knnies  are  placed  at  one  foot  apart,  from  centre  to  centre,  and  snpport  the 
^rithout  the  intervention  of  borgahs.    The  roofing  consists  of  3  inches  brick- 
overlaid  by  4  inches  terracing,  and  equal  100  lbs.  per  superficial  foot.    The 
gfrt  of  the  karrie  is  included  approximately  with  the  weight  to  be  supported. 


Approxi- 

Span 
in  feet 

mate 
weight  of 
knrrie  at 

Weight 
of  roofing 

at  looms. 

Weight  of 
roofing  and 
kunie  =  W. 

^Breadths 
of  kurrie 
in  inches 

Depth  of 

kurrie  in 

inches 

Remarks. 

s=  ^         62  lbs.  per 
cubic  foot 

per  sup. 
foot 

=  &. 

z=d. 

ft        1        lbs. 

Iba 

lbs. 

ins. 

ins. 

4               15 
B               19 

400 

415 

li 

^ 

500 

519 

24 

34 

6 

23 

600 

623 

24 

H 

7 

35 

700 

735 

^ 

4 

8 

49 

800 

849 

H 

4f 

9 

64 

900 

964 

8| 

H 

10 

84 

1000 

1084 

3i 

6i 

11 

108 

1100 

1208 

4 

5| 

12 

135 

1200 

1335 

H 

6i 

•Xbe  breadths  hare  all  been  entered  jnst  as  they  were  got  by  the  calculation  :  but  for  the  first 
>,  it  would  be  neoeesary,  in  practice,  to  make  the  breadth  3  inches,  to  allow  Bofflclent  bearing  tor 


im  cocnparing  thia  Table  of  Scantlings  with  those  in  No.  I.,  It  appears  that,  for  spans  above  8  feet, 
ift  im  mon  eoonondcal  to  nae  beaaiB  with  borgahs,  than  the  knxriee,  the  former  arrangement  reqoir* 
Ibs  lew  timber* 
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259.  A  great  disadvantage  of  the  flat  roof  is  that  water  runs  off  slowly, 
and  if  the  upper  coating  or  terrace  has  cracked  from  the  great  heat  in  the 
dry  season,  (which  is  frequently  the  case,)  leakage  occurs  during  the  rains. 
To  give  the  roof  a  slight  inclination  and  thus  assist  the  flow  of  water,  the 
beams  should  be  so  cut  as  to  have  a  rise  in  the  middle.  This,  which  is 
called  a  camber,  should  be  effected  not  by  bending  the  beam  upwards,  but 
by  shaping  it ;  for  if  the  former  is  done,  the  beam  on  settling  has  a  ten- 
dency to  thrust  out  the  walls.  This  slope  also  should  never  bo  given  by 
increasing  the  thickness  of  terrace,  as  by  this  the  girder  is  weighted  at 
the  very  point  where  it  is  least  able  to  bear  it.  A  good  method,  however, 
is  to  cut  the  beam  even  and  screw  on  wedge-shaped  pieces  of  wood  in 
the  middle  or  top  of  the  beam  to  give  the  necessary  fall  towards  the 
two  ends. 

260.  Pent  or  Trussed  Roof. — This  roof  with  a  covering  of  thatch, 
tiles,  slates,  or  iron,  is  adapted  to  all  spans,  and  is  the  most  economical 
and  suitable  form  where  timber  is  used. 

By  various  arrangements  of  the  timbers  in  the  construction  of  the  fram- 
ing, and  by  artifices  in  bending  and  building  beams,  such  as  described  in 
the  preceding  Chapter,  great  breadths  of  building  can  be  covered.  In  one 
instance,  (that  of  the  Riding  School  at  St.  Petersburg,)  a  span  of  235 
feet  was  successfully  roofed  with  timber ;  but  for  such  large  spans  iron  is 
now,  when  procurable,  always  substituted  for  wood.  The  two  kinds  of 
pent-roof  in  common  use  are  the  gabled  and  hipped.  In  the  former,  the 
roof  is  formed  by  the  intersection  of  two  planes  which  slope  upwards  from 
the  wall  plates  on  the  sides  of  the  building,  meeting  at  an  angle  at  the 
ridge,  the  walls  at  the  end  being  built  up  vertically  to  the  ridge,  and  finished 
off  to  the  same  angle.  In  the  latter,  the  roof  is  formed  of  planes  which 
slope  up  from  both  the  sides  and  the  ends  of  the  building  to  the  ridge,  the 
wall  plates  being  on  the  same  level  all  round.    Both  are  common  in  India. 

261.  The  Pitch  of  a  roof,  or  the  angle  which  it  makes  with  the  horizon, 
vanes  in  different  countries  and  climates,  and  even  in  the  same  country 
the  pitch  has  varied  considerably  at  different  times  according  to  the 
fancy  of  the  builders.  Formerly  in  England,  roofs  were  made  very  high ; 
but  these,  though  having  some  advantage  in  countries  where  snow  falls, 
expose  a  large  surface  to  the  wind,  and  therefore  would,  in  a  country  like 
India  where  storms  are  sometimes  very  violent,  be  out  of  place.  In  high 
pitched  roofs,  too,  the  coverings  are  apt  to  slide,  while  on  the  other  hand 
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in  very  low  pitched  roofis,  the  wind  will  get  under  the  tiles  and  remove 
them,  And  the  strain  on  the  walls,  (as  will  be  seen  farther  on,)  is  very  great. 
A  moderate  pitch  is  therefore  generally  adopted,  and  the  height  of  a  roof 
either  in  England  or  India  for  bnildings  in  general,  now  rarely  exceeds 
one-third  of  the  span,  or  is  less  than  one-sixth.  For  tiles  or  slates  about 
one-fourth  the  span  or  27^,  and  for  thatch  35^,  is  the  usual  pitch ;  though 
the  latter  may  be  as  great  as  45°,  or  half  the  span. 

262.  To  exclude  wet  from  the  inner  surface  of  the  walls  and  allow 
the  roof  drainage  to  pass  freely  away,  the  surface  of  the  roof  ooyering 
should  be  advanced  well  beyond  the  supporting  walls,  as  in  the  annexed 
wood-cut  illustrating  the  section  of  an  old  Greek  roof.  Here  ABC  represent 

the  architrave,  frieze  and  cornice :  the  latter 
projecting  far  beyond  the  wall,  and  carrying 
the  epitithedoB  (E)  or  stone  gutter,  which  by 
its  position  and  form  prevented  any  overflow 
from  wetting  the  timbers.  Here  also  the 
junction  of  the  rafter  B  with  the  tie-beam  T  of 
the  roof  truss  occurs  over  the  centre  of  the 
supporting  wall,  and  brings  the  thrust  more 
directly  over  its  supports.  Tlie  long  tiles  ^,  f,  are  carried  on  purlins  r,  r, 
resting  evenly  on  the  principal  rafber. 

In  many  modem  English  houses  the  principal  rafter  B  abuts  on  the 

tie-beam  T  and  concentrates  the  roof  thrust  on  a 
point  within  the  wall :  and  the  roof  drainage  is  col- 
lected in  a  lead  gutter  Q,  which  when  overflowing, 
leaks  within  the  building,  and  over  the  most  impor- 
tant roof  timbers :  the  free  flow  of  the  drainage  be- 
ing stopped  by  a  parapet  wall  which  rests  on  the  ends 
of  the  trusses.  This  latter  arrangement  should  be 
avoided. 

263.  King-post  Tbuss. — Plate  XXIX.,  Fig,  1,  is  a  pent  roof,  adapt- 
ed for  spans  not  exceeding  30  feet.  The  combination  of  beams  in  a  roof  is 
called  a  truss — the  figure  represents  a  King-post  truss.  The  component 
parts  of  it  are  as  follows : — 

1.  Wall  plates. — Pieces  of  timber  laid  on  the  wall  in  order  to  dis- 
tribute the  pressure  of  the  roof  over  a  large  bearing  surface.  These  may 
also  be  of  stone  (vide  P  P  of  preceding  wood-cuta.) 
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2.  Safiers.^'Two  pieces  of  timber  fanning  the  inclined  sides  of  the 
trass,  supporting  the  purlins.    (B,  B,  of  Fig,  1,  Plate  XXIX.) 

8.  Tie-beam, — A  horizontal  piece  of  timber  connected  to  two  opposite 
rafters,  its  main  object  being  to  tie  down  their  ends  and  thus  prevent  the 
walls  from  being  thrnst  outwards.  It  is  also  useful  as  a  support  for 
ceilings  and  punkahs.    (A.) 

4.  Purlins. — Horizontal  pieces  of  timber  notched  on  the  rafters,  and 
at  right  angles  to  them,  extending  from  truss  to  truss.  On  these  is  laid 
the  roof  covering,    (bj  b.) 

6.  King-post. — ^An  upright  piece  of  timber  in  the  middle  of  a  truss^ 
framed  at  the  upper  end  into  the  rafters,  and  at  the  lower  end  into  the 
tie-beam.  This  prevents  the  tie-beam  from  sinking  or  sagging  in  the 
middle.    (E.) 

6.  Struts. — Oblique  straining  pieces  framed  below  into  the  king-posts, 
and  above  into  the  rafters,  which  they  help  to  support.    (E,  E.) 

In  English  trusses,  the  rafters  above  described  are  more  precisely  term- 
ed principal  rafters ;  common  or  secondary  rafters  are  sometimes  laid  on 
them  outside  the  purlins,  to  carry  the  roof  covering. 

264.  QuBBN-POBT  Truss. — Fig,  2  shows  a  roof  truss  called  a  Qt^een- 
post  Truss  J  the  two  verticals  on  either  side  being  the  queen-posts.  This  is 
adapted  for  spans  of  from  30  to  45  feet.  The  timber  between  the  upper 
ends  of  these  two  is  the  straining  beam  (G) ;  that  between  the  lower  ends, 
the  straining  siU  (h).  The  other  timbers  are  the  same  as  in  the  former 
trass. 

The  following  would  be  the  scantlings  in  fir  of  the  several  timbers  of 
such  a  truss  (at  10  feet  intervals,  for  a  weight  of  66|  lbs.  per  square  foot, 
according  to  Tredgold : — 

A,  Tie-beam,      ...  ...  ...  ...  12  x  6    inches. 

B,  Principal  rafter,  ...  ...  ...  10  x  6  „ 

C,  Straining  beam,  ...  ...  ...  9x6  „ 

D,  Qneen-post,  ...  ...  ...  8x6  „ 

S,  otrnt,             ...  •••  ..«  ...  D  X  o  „ 

F,  Common  rafter,  ...  ...  ...  6  x  2|  „ 

«,  Pole-plate,  ...  ...  ...  9x6  „ 

^,  Porlin,           ...  ...  ...  ...  12  X  9  „ 

266.  Fig,  8  is  adapted  for  spans  up  to  60  feet.  It  is  often  necessary 
to  build  trusses  of  greater  span,  but  the  general  principle  is  that  shown 
here. 
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The  following  woald  be  the  scantlings  for  the  above  weight  of  roofing, 
by  Tredgold's  rales,  under  the  same  conditions  as  above: — 

Principal  rafters, 
Tie-beam,    ... 
Qaeen-post  B, 
Suspending  post  A, 
Struts  (large), 
,.      (small), 

266.  Fig.  4. — A  roof  adapted  to  a  hall  or  church  with  nave  and 
aisles.    The  framing  is  simple  and  good : — 

A,  Principal  tie. 

B,  Tie  of  aisle  roof. 

c.  Girder  supported  bj  the  inm  colnmn  D. 
D,  Story-post 

267.  HAMMBR-BBAii  Truss. — Fig.  5  shows  a  high  roof  suitable  for  a* 
Church  or  Gpthic  building. 

In  this  roof  AG,  BO,  are  principal  rafters :  D£  is  a  collar  beam  which 
tying  the  rafters  together,  not  at  their  feet,  but  at  considerably  higher 
points,  does  not  counteract  any  tendency  of  these  rafters  to  bend  between , 
D,  A,  and  E,  B,  and  to  thrust  out  the  walls.  The  curved  tension  pieces 
EF,  KG,  are  consequently  introduced  to  tie  the  ends  of  the  hammer^ 
beams  AF,  BG  to  the  centre  of  the  collar  beam ;  curved  struts  HF,  IG, 
being  also  introduced  to  aid  in  keeping  the  ends  F  and  G  in  position. 
Without  the  curved  struts  and  tension  pieces  as  shown  in  Fig.  5,  and 
strongly  built  or  buttressed  walls,  a  lofty  and  heavy  roof  carried  on  col- 
lar and  hammer-beam  trusseSi 
would  be  likely  to  fail  as  in  the 
annexed  wood-cut. 

268.  In  trussed  roofs,  es- 
pecially those  of  large  spans,  a 
combination  of  iron  and  wood 
may  often  be  substituted  for 
wood  alone.  Such  trusses  are 
much  lighter  and  look  much 
better ;  the  only  difficulty  is  in  properly  connecting  those  parts  where  the 
iron  and  wood  meet  together. 

Plate  XXX.,  Fig  6,  shows  a  truss  for  a  roof  of  44  feet  8  inches  spaa. 
In  this,  wrought-iron  is  used  for  the  suspension  rods,  and  cast-iron 
shoes  as  abutments  for  the  timbers  acting  as  stmts. 


292 


ROOFIVO. 


On  the  wall-head,  is  a  cast-iron  shoe,  to  receive  the  tie-beam  and 
the  foot  of  the  principal  rafter.  The  sole-plate  of  the  shoe  is  prolonged, 
to  admit  of  its  being  secnred  by  bolts  to  the  tie-beam. 

The  head  of  the  principal  rafter,  is  inserted  into  a  cast-iron  socket,  an 
elevation  of  which  is  seen,  enlarged  at  No.  1.  The  suspension  rod  AD, 
it  will  be  seen  passes  through  the  solid  part  of  the  socket.  It  has  a  head 
at  its  upper  end,  and  at  its  lower  end  it  is  screwed,  and  secured  by  a  nut. 
To  avoid  cutting  the  principal  rafters,  the  purlin  at  B  is  also  earned  in 
oast-iron  rests  bolted  to  the  rafter.  The  centre  suspending  rod  art  E, 
passes  through  a  socket,  which  serves  as  an  abutment  to  the  struts. 
Similar  abutments  are  provided  for  the  struts. 

Fig,  7.— This  truss  is  for  a  roof  of  45  feet  span.  The  detail  No.  2 
is  a  section  of  the  shoe  at  head  of  king-bolt,  i&to  which  the  upper  ends 
of  the  principals  are  inserted. 

269.  Fig,  8  represents  a  truss  of  40  feet  span,  constructed  by  Colonel 
Waddington  at  Bombay,  supporting,  with  other  trusses  placed  at  intervals 
of  10  feet,  a  roof  which  slopes  30°  from  Ihe  horizon,  and  has  an  extreme 
span,  from  eave  to  eave,  of  50  feet.  The  tie-beam  is  supported  at  equal 
intervals  of  8  feet^  and  the  purlins  and  wall-plate  are  also  separated  by 
equal  distances  of  6*85  feet.  The  struts,  rods,  and  queen  posts  are  so 
disposed  as  in  a  great  measure  to  neutralize  pressure  on  the  principal 
rafters,  except  in  direction  of  their  length ;  and  the  common  rafters  are  sup- 
posed to  extend  in  one  length  from  ridge  to  eave,  and  to  be  15  inches 
apart.  The  battens  are  each  2  x  f  inches,  and  their  edges  2  inches  apart, 
covered  by  a  double  bamboo  mat ;  the  eaves  single-tied,  the  lower  row 
being  laid  in  chunam,  the  rest  of  the  roof  double-tied,  and  the  ridge  of 
chunam. 

270.  Fig.  9. — The  roof  covering  of  the  Central  Hall  of  the  Allahabad 
Passenger  Station  is  78  feet  long  by  d8|  clear  by  27  feet  high.  The 
trusses  are  of  s4l,  and  are  11  feet  apart  from  centre  to  centre,  each  truss 
carrying  a  permanent  load  of  18  tons  8  cwt.,  not  including  its  own  weight. 
The  straining  piece  or  girder  is  composed  of  two  solid  pieces  of  timber 
scarfed  in  the  centre.  The  curved  portion  is  made  of  pieces  12  by  5 
inches,  bolted  together,  making  the  cross  section  12  by  10  inches.  The 
pieces  break  joint  with  one  another,  the  centre  of  one  piece  acting  as  a  tie 
to  the  abutting  ends  of  the  other  pieces  to  which  it  is  bolted.  The  cover- 
ing of  the  roof  consists  of  sandstone  flags,  4^  inches  thick,  placed  on 
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ptirlins  i  feet  apart ;  abo7e  the  flags,  the  khoa,  (broken  bricks  and  mortar,) 
6  inches  thick,  is  placed  in  the  nsual  way. 

271.  The  roof,  although  the  last  part  of  a  building  which  is  construc- 
ted, is  one  of  the  first  to  be  considered  in  preparing  a  design ;  for  on  its 
weight  the  thickness  and  nature  of  the  walls  depend.  In  the  case  of  flat 
roofs,  both  the  construction  and  calculation  are  very  simple ;  indeed  little 
or  no  carpentry  is  necessary  for  the  first,  and  as  all  the  timbers  are  subjected 
to  a  direct  transverse  strain,  their  strength  and  proportions  are  easily 
determined.  But  in  a  trussed  roof  the  nature  and  effect  of  the  strains  to 
the  timbers  are  various ;  and  in  their  connection,  the  best  form  of  joint 
and  fastening  has  to  be  considered,  so  that  they  may  preserve  the  form  of 
truss  desired  with  as  little  change  as  possible. 

272.  Scantlings. — The  investigations  of  the  stresses  on  the  varioos 
pieces  forming  a  roof,  and  the  formulsB  expressive  of  the  scantlings  proper 
to  varying  loads  are  discussed  in  the  section  on  Strength  of  Materials. 

273.  Explanation  op  Tables. — The  accompanying  Tables  of  Scant- 
lings of  sdl  timbers  (the  wood  in  principal  use  in  Northern  India)  for 
Wooden  Roofs  have  been  reprinted  (with  slight  alteration  of  notation  to 
suit  the  new  Section  V.  on  "  Strength  of  Materials")  from  the  last  edi- 
tion of  this  Treatise. 

They  may  although  calculated  as  for  s^  timber  be  made  available 
(sufficiently  accurately  for  practical  purposes)  also  for  other  timbers  by 
taking  the  scantlings  calculated  for  larger  spans  in  s^l  wood,  thus  :— 

(1).     For  Teak,  take  the  scantlings  corresponding  to  a  span  1  foot  wider. 

(2).     For  Deodar,  „  „  2        „ 

N.B. — There  are  two  important  differences  between  ihe  method  of  calculation 
originally  adopted  (and  now  reprinted)  for  these  Tables,  and  that  recommended  in 
this  Edition,  tee  Art  2,  (2),  and  Art  6,  (2— It.),  of  Section  V.,  *<  Strength  of 
Materials." 

(1).  The  rafters  were  designed  to  bear  onljf  the  greater  of  the  two  straining  actions^ 
(t.  e,f  Direct  and  Transrerse,}  to  which  they  were  exposed,  eee  Art  2,  (2)  (of  Sectioa 

V.) 

(2).  The  effect  of  wind  was  estimated  according  to  Tredgold's  role  as  a  **  tmi- 
form  vertical 'load  of  iO  lbs.  per  square  foot  over  the  whole  roof;  "  this  method  was 
formerly  the  accepted  mie  of  the  profession,  and  has  still  high  authority  in  its  HroTf 
see  Art.  6,  Part  (2— iv.),  (of  Section  V.) 

There  is  also  a  minor  difference  between  these  Tables,  and  the  method  adopted 
in  the  text,  see  Art  16  and  21  (of  Section  V.),  viz.,  that  the  weights  fo*  ttf 
in  the  Text  of  this  Edition  were  both  indnded  mthe  w  of  the  Tables,  but  althoogh 
theoretically  correct  to  separate  them  as  in  this  JSdition,  it  has  not  been  thought 


«1&  to  Mderikli  &•  Tabltt  €■  Ail  Moont,  M  &•  altandte  itt  &•  n 
Bufi  «odd  be  v«i7  trilng; 

Tabby  Ho.  YL,  ham  beat  dkolatad  to  admit  of  a oompariso&U 
■ade  of  tbe  incnaae  nqnind  in  liie  acanUingi  in  Table,  No.  TV^  m 
pong  tbe  tnuiee  to  be  placed  at  10  feet  apart,  instead  of  at  7  ftet» 
eatenlated  for  in  tbe  latter  Table.  By  comparing  theee  two  TaUei  it  i 
be  eeeo  that^  ao  for  ae  tbe  eeantlings  of  the  laflfcers  are  concerned,  1 
niolto  gif  en  in  TaUe  No.  YL  are  eqniralent  to  an  increase  in  U 
Ho.  IV.,  of  about  two  places  for  tbe  smaller  spansi  and  of  from  tbns 
foor  places  for  tbe  larger  spans. 

The  differences  are  mnch  greater  for  the  scantlings  of  the  tie-hea 
•tmty  and  king-post;  bat  as  these  are  always  made  greater  in  pnsll 
than  they  are  found  by  calcnlation,  it  will  be  saffident,  for  all  pmeli 
porposesy  to  take  the  scantlings  of  the  lafters  as  a  guide  in  makiag  I 
oomparison  for  any  particular  case. 

The  only  exception  to  thiS|  appears  to  be  in  the  case  of  an  iron  tie-i 
bebg  substituted  for  the  tie-beaiUi  in  which  the  increase  shown  in  Isb 
Ho*  TLy  is  eqniralent  to  about  se?en  places  in  Table,  No.  IV. 

It  will  be  understood  from  the  shore  remarks,  how  Table  No.  IV.,  ■ 
be  made  araflable  for  determiniog  the  scantlings  of  the  sereral  pieces 
a  truss,  supposing  the  trusses  to  be  at  10  feet  apart 
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CHAPTER    XIV. 


CENTRES. 


274.  A  Centre  is  a  timber  frame  for  supporting  the  stones  or  bricks 
of  an  arch  daring  its  constmction.  Its  qualities  consist  in  its  being 
sufficiently  strong  and  stiff  to  bear  the  whole  pressure  of  the  arch  stones, 
during  the  building  of  the  arch,  from  its  springing  to  its  keying.  It 
should  be  capable  of  being  easily  romoved,  and  as  it  is  only  a  temporary 
frame,  should  be  so  made,  if  possible,  that  its  timbers  may  be  of  further 
use.  In  narrow  streams  where  intermediate  supports  can  easily  be  estab- 
lished, this  framing  should  always  be  made  upon  horizontal  tie-beamsy 
sapiK>rted  in  seferal  places  by  piles  sunk  in  the  bed  of  the  river ;  in  such 
cases,  then,  the  construction  of  a  centre  is  comparatively  easy ;  but,  in 
navigable  rivers  where  it  is  difficult  to  place  such  supports,  where  space 
must  be  left  for  the  passage  of  vessels,  and  where  there  is  danger  from 
floods,  the  construction  of  a  centre  requires  much  skill.  In  large  arches, 
where  the  arch  stones  rise  to  a  considerable  height,  they  often  force  the 
centre  out  of  form  by  causing  it  to  rise  at  its  crown ;  to  prevent  which,  it 
ia  sometimes  necessary  to  load  the  centre,  but  this  is  a  make-shift,  and 
would  not  be  necessary  if  the  centre  were  well  constructed.  In  making 
centres,  it  is  not  enough  to  consider  what  weight  they  will  bear  without 
firacture,  but  what  they  will  bear  without  derangement,  as,  upon  this  quali- 
ty of  stiffness  and  preservation  of  form,  depends  the  goodness  of  the  arch. 

Centres  are  composed  of  several  vertical  frames  or  trusses,  connected 
by  horisontal  ties  and  stiffened  by  braces.  In  cases  where  they  span  the 
whole  width  of  the  archway,  the  off-sets  of  the  stone-work  afford  a  sub- 
stantial abutment  for  their  support.  The  frames  or  trusses  of  the  centres 
are  usually  from  4  to  6  feet  apart,  one  being  placed  under  each  of  the  outer 
rings,  and  the  others  dividing  the  intermediate  space;  from  truss  to 
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tniss,  horizontal  timbers  extend,  called  laggings^  and  these  support  the 
arch  stones. 

275.  Pressure  on  Centres.~Before  proceeding  to  lay  down  any 
mle  as  to  the  construction  of  centres,  it  will  be  necessary  to  show  how 
to  find  the  pressures  of  the  different  arch  stones  on  them. 

It  is  usually  stated  that  arch  stones  do  not  begin  to  press  agidnst  the 
centre,  until  courses  are  laid,  the  slope  of  whose  beds  is  steeper  than  the 
angle  of  repose ;  that  is  to  say,  from  25^  to  35°,  or  about  32^  is  the 
average  :  but  in  order  that  this  may  be  true,  the  lower  part  of  the  arch 
must  be  so  thick  as  to  have  no  tendency  to  upset  inwards ;  a  thickness  equal 
to  about  one-tenth  of  the  radius  of  curvature  of  the  intrados  is  in  general 
sufficient  for  that  purpose,  but  still  any  accidental  disturbance  of  the  arch 
stones  may  make  them  press  against  the  centre. 

Each  successive  course  of  arch  stones  that  is  laid,  causes  the  pressure 
exerted  by  the  previous  courses  against  the  centre  to  diminish,  and  when 
a  semi-circular  arch  is  completed,  all  but  the  keystone,  the  stones  whose 
beds  slope  less  steeply  than  30°,  have  ceased  to  press  against  the  centre, 
even  though  there  should  be  no  friction ;  in  fact,  when  the  load  on  the 
centre  reaches  its  greatest  amount,  its  action  is  nearly  the  same  whether 
friction  operates  sensibly  or  not ;  and  remembering  this,  and  also  that  the 
calculations  caused  by  neglecting  friction  err  on  the  side  of  safety,  it 
appears,  that  for  practical  purposes,  it  is  sufficient  to  calculate  the  load, 
as  if  the  friction  between  the  stones  was  insensible. 

If  fjL  be  the  co-efficient  of  friction  (represented  by  tan  a,  when  a  is  the 
angle  of  repose),  and  /3  be  the  inclination  of  the  lower  joint  of  a  stone  to 
the  horizon,  W  the  weight  of  an  arch  stone,  and  P  the  pressure. 

Then  P  =  W  (sin  /S  -  |i  cos  /3). 

The  following  is  a  table  of  co-efficients  at  various  angles,  the  difference 
of  two  successive  joints  being  2^. 


ADgle  of  incliiL 

34«>,  P  =  -04  W 

Angle 

)  of  inclin. 

48«,  P  =  38  W 

M 

se*,  P  =  08  W 

M 

6<y»,  P  =  -87  W 

n 

38«>,  P  =  12  W 

>9 

62«»,P  =  -40W 

n 

40*>,P=17  W 

M 

64^  P  =  -44  W 

»» 

42«,  P  =  -21  W 

t> 

56®,  P  =  -48  W 

>i 

44**,  P  =  -25  W 

»> 

58®,P  =  -62W 

>f 

46%  P  =  -29  W 

n 

60**,  P  =  -54  W 

This  Table  might  be  extended,  but  when  the  plane  of  the  joint  becomes 
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00  modi  indingdy  thai  the  veitiad  through  the  centre  of  grmrit j  of  the 
arch  stone  does  not  fkU  within  its  lower  bed^  the  whole  weight  of  the  arch 
■tone  should  be  considered  as  bearing  on  the  centre. 

276.  As  an  ezam^lc — ^To  find  the  pressure  of  the  ardi  stones  opoa 
22^  of  the  centering,  counting  from  the  joint  which  makes  32^  with  the 
hofizon.  Sam  the  preceding  Table  from  32'  to  54°,  and  moltiplj  by  the 
wei^t  of  a  portion  of  the  arch  stcmes  comprehended  between  2°,  the 
product  will  be  the  pressure  required. 

Thus,  suppose  the  frames  of  a  centre  to  be  5  feet  from  middle  point  to 
middle  point,  the  depths  of  the  arch  stones  to  be  4  feet  and  the  space  com- 
prdiended  in  2^  measured  at  the  middle  of  the  depth  of  the  stone,  to  be 
1'5  feetb  Then  the  solid  content  will  be  30  cubic  feet,  and  taking  1 50  Ibe. 
as  the  specific  grarity  of  stone,  the  weight  will  be  4,500  Bte.  This  sum 
midtiplied  by  the  sum  of  the  preceding  Table,  2*70,  gires  12,150  lbs. 
for  the  pressure  required. 

From  an  inspection  of  the  table,  it  will  be  seen  that  the  pressure  in- 
creases Tery  slowly  untO  the  joint  makes  a  considerable  angle  with  the 
horizon.  For  instance,  at  an  inclination  of  44**,  the  pressure  is  one-fourth 
the  weight,  at  58^  more  than  a  half,  and  near  the  crown,  the  stones  rest 
wholly  on  the  centre.  In  designing  centres,  therefore,  this  must  be  borne 
in  mind,  for  it  would  be  absurd  to  make  tbem  equally  strong  at  every 
point.  When  the  depth  of  the  arch  stone  is  double  its  thickness,  the  whole 
of  its  weight  may  be  considered  to  rest  on  the  centre,  when  the  inclina- 
tion of  the  joint  is  60^.  If  the  length  of  the  stone  is  less  than  twice  the 
thickness,  it  will  rest  on  the  centre  when  the  angle  is  less  than  60^,  and 
if  more  than  twice  the  thickness,  the  angle  will  be  more  than  60°  before 
it  does  so. 

When  the  arch  stones  are  small,  the  pressure  is  a  greater  proportion  of 
the  whole  weight  than  when  they  are  large. 

277.  Framing  of  Centres.— For  large  spans  in  India,  the  cen- 
tering most  in  use  is  formed  by  building  a  wall,  or  row  of  pillars,  of  brick 
in  mud,  in  contact  with  the  pier  or  abutment,  and  two  or  more  parallel 
rows  of  pillars  in  the  space  between  ;  wall  or  pillar  plates  are  then  placed 
over  these  transversely.  On  these  are  put  strong  rafters  of  rongh  wood, 
connected  together  by  others  forming  the  lagging,  on  which  is  boilt  a 
mass  of  brick  in  clay  ;  learing  the  upper  surface  plastered  with  clay,  and 
brought  to  the  exact  shape  of  the  intrados  of  the  arch  ;  a  little  sand  is 
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then  sprinkled  over  it,  and  after  being  left  for  a  day  or  two  to  dry,  it  is 
ready  to  build  upon.  Care  must  be  taken  that  the  timber  is  strong  enough 
not  to  bend  under  its  load.  When  the  span  is  not  yery  considerable,  and 
(in  the  case  of  a  river)  there  is  no  risk  of  flood,  there  is  no  objection  to 
this  kind  of  centre,  as  it  is  easily  constructed  and  is  economical ;  nearly 
all  the  bricks  in  the  pillars,  &c.,  as  they  are  only  set  m  clay,  can  be  used 
afterwards  to  complete  the  bridge. 

When  however  the  span  is  more  than  30  feet,  it  will  be  advisable  to 
adopt  a  centering,  composed  of  four  or  five  timber  frames  constructed  upon 
horizontal  tie-beams  supported  in  several  places  by  brick  pillars,  from  the 
top  of  which  struts  should  radiate  to  support  the  main  ribs  in  as  many 
points  as  may  be  requisite.  These  main  ribs  arc  to  be  preserved  from 
lateral  movement  by  cross  struts  and  braces,  and  the  irregular  polygon 
foimed  by  them  must  be  brought  to  the  form  required  for  the  arch,  by 
supplementary  frame-work  of  slighter  construction,  under  the  lagging. 

In  important  works  these  centering  frames  should  be  scientifically  de- 
signed as  "  trusses ;  "  and  where  intermediate  supports  cannot  be  used,  it 
is  imperatively  necessary  to  construct  trussed  frames  on  the  principles  ex- 
plained in  the  next  paragraph. 

278.  That  a  centre  may  be  sufficiently  strong  to  support  any  part 
or  the  whole  of  the  pressure,  and  be  stiff  enough  to  do  so  without 
changing  its  form,  the  strains  must  not  act  very  obliquely  on  the  sup- 
porting pieces,  the  magnitude  of  the  parts  must  be  proprotional  to  the 
strains  on  them,  and  the  component  timbers  be  so  disposed  so  as  to 
prevent  any  part  rising,  instead  of  causing  it  to  rise  as  is  too  com- 

Fig.  1.  monly  the  case.    Fig.  1 

shows  the  centre  design- 
ed by  Smeaton  for  the 
Coldstream  Bridge,  and  it 
is  an  admirable  specimen 
-n-* u  —  ■  -     u B i-^—       of  a  centre  where  inter- 

u  ll  il  (I  II         mediate  supports  can  be 

obtained ;  but  when  intermediate  supports  are  impossible,  more  care  is  neces- 
sary in  forming  a  design.     It  is  obvious  that  laying  a  load  en  the  haunch- 
es, must  have  a  tendency  to  raise  the  crown,  unless  it  be  so  constructed 
that  this  tendency  is  counteracted.     Let  the  line  ACA',  Fig,  2,  represent 
the  curve  of  an  arch,  and  let  the  arch  stones  begin  to  press  upon  the  centre 
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«t  B,  B',  where  the  joints  incline  »t  82°  to  the  horizon,  and  let  the  lajing; 
of  the  arch  stones  proceed  alike  on  each  eide.  Kow  if  two  trassed  frames 
EDH,  E'D'H'  abat  against  each  other  at  C,  the  point  cannot  rise  in  a 
sensible  degree  from  the  pressures  at  D,  D',  and  mach  additional  sectirit; 
may  be  gained  by  aiding  the  pieces  FF  with  the  pieces  FI,  F"!'.  Tlie 
framing  of  this  centre  begins  on  each  side,  nearly  at  the  point  where  the 


arch  stones  first  exert  preBsare.  The  curved  rib  mast  be  strong  enongh  to 
bear  the  parts  between  BD  and  DC,  but  the  bearings  may  be  shortened  by 
making  the  abutting  blocks  at  D,  D',  looger.  The  beams  EC,  E'C  will  he 
ties  until  the  arch  stones  are  laid  beyond  D,  D'.  They  will  than  begin  to 
act  as  struts,  and  will  continae  so  to  act  until  the  whole  arch  is  laid.  This 
plan  of  centre  will  not  do  for  a  verj  large  span,  because  it  then  requires  a 
very  long  piece  of  timber,  and  the  points  of  support  for  the  curved  rib  be* 
come  too  far  apart  to  be  supported  by  timbers  of  the  usual  dimensions. 
For  a  larger  arch  let  EF,  FF,  and  FE',  Fig.  3,  be  beams  ;  let  them  be 


tmssed  and  abut  against  each  other  at  F  and  F.    Then,  it  is  obvious  that 
when  the  loads  press  equally  at  B,  D',  they  will  have  no  tendency  to  raise 
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the  beam  FF'  in  the  middle,  unless  it  is  too  weak  to  resist  the  pressure  in 
the  direction  of  its  length,  and  as  it  is  easy  to  give  any  degree  of  strength 
that  may  be  required,  a  centre  of  this  form  with  little  variation  in  the 
trusses,  may  bo  applied  to  any  span  which  will  admit  of  a  stone  bridge. 
When  timber  is  not  to  be  had  of  sufficient  length,  the  beams  EF,  FF'  E'F' 
may  be  built  beams :  according  to  the  methods  described  in  Chapter  XII. 

279.  Fig,  1,  Plate  XXXI.,  shows  a  centre  for  a  small  span.  It 
consists  of  a  trussed  frame,  of  which  A  is  the  tie,  B  the  principal,  or, 
as  its  outer  edge  is  curved  to  the  contour  of  tho  arch,  it  is  called  by 
Smeaton  the  felloe^  C  the  post  or  puncheon,  and  F  a  strut.  The  ceatre 
is  carried  by  the  piles  D,  on  the  top  of  which  is  a  capping  piece  E, 
extending  across  the  opening  ;  and  the  wedge  blocks  a  are  interposed 
betwixt  it  and  tho  tie-beam. 

Fig.  2,  another  centre,  also  for  small  spans. 

In  Fig,  3,  the  weight  of  the  centre  of  the  arch  is  carried  directly  by  the 
struts  to  tho  ends  of  the  tie-beam ;  the  tie-beam,  struts,  and  king-post  A 
making  a  simple  king-post  truss.  Two  other  trusses  support  the  arch 
above  the  haunches,  and  have  a  collar -piece  between  them  at  half  the 
height  of  the  arch.     The  ends  of  the  cross-braces  are  seen  at  a. 

Fig.  4  shows  a  centre  with  intermediate  supports  and  simple  framing, 
consisting  of  two  trusses  formed  on  the  puncheons,  over  the  intermediate 
supports,  as  king- posts,  and  subsidiary  trusses  for  the  haunches,  with 
struts  from  their  centres  parallel  to  the  main  struts. 

280.  Indian  Examples  of  Centering, — In  the  annexed  Plates  are 
shown  some  other  centres  that  have  been  used  in  different  parts  of  India. 

Flate  XXXII.  and  XXXIII.  Centerings  used  for  the  Ganges  Canal 
Bridges. 

Plate  XXXII.,  Fig  5.  Span,  20  feet,  the  ribs,  ten  in  number  (placed 
4  feet  apart),  were  supported  on  temporary  pedestals  made  of  brick  and 
mud,  erected  close  upon  the  piers.  The  ribs  rested  on  a  striking  apparatus 
consisting  of  the  usual  double  wedge  or  pyramidal  shaped  bolts,  which 
were  supported  by  the  above  pedestals. 

Fig.  6.  The  whole  of  the  55  feet  span  arches  in  the  Northern  Division, 
of  the  Ganges  Canal,  were  built  with  this  species  of  centering;  its  great  me- 
rit consists  in  its  being  made  with  the  kurrie  or  staple  rafter  brought  from 
the  Sewalik  forests,  in  the  kurries  not  being  pierced  or  injured  by  tenon 
and  mortise ;  and,  consequently,  by  their  being  available  for  other  pur- 
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poses  afterwards.    The  design  is  an  excellent  and  a  most  eooDomical 

Plate  XXXIIL,  Fig.  7.     Span,  55  feet,  used  for  some  of  the  ki^g^] 
near  Eoorkee. 

Fig.  8.     Span,  50  feet,  nsed  at  the  Solani  aqnednct. 

Plate  XXXIY.,  Figs.  9  and  10.     Centerings  with  intermediaie 
ports  used  in  Madras. 

Plate  XXXV.,  Fig.  11.     Captain  Best^s  centering  consists  of  s 
of  ribs,  each  composed  of  three  planks,  of  which  the  upper  one  is  horiioacj 
tal,  and  notched  at  each  end  into  two  planks  placed  transversely  ;  to  whil 
the  other  two  planks,  forming  the  rib  are  also  notched  at  their  upper  endi^j 
and  have  their  lower  ends  resting  on  wedges,  placed  on  a  temporaiy  bridk*' 
in-mud  wall,  pointed  with  chnnam,  in  contact  with  the  pier  or  abutmaAvj 
Planks  are  laid  over  the  ribs  at  right  angles  to  snpport  the  nsusl  stoffivg 
of  brick  and  mud.     The  ribs  are  placed  about  2  feet  apart,  and  planki  1 
foot  deep  and  2^  inches  broad  (if  of  good  teak)  will  do  for  spans  xmdor 
45  feet.     If  they  are  of  mango  or  other  inferior  wood,  the  dimendooi 
must  be  increased  a  little. 

The  advantages  of  this  centering  consist  in  the  simplicity  of  its  eoa- 
struction  and  the  ease  with  which  it  may  be  carried  from  place  to  pIsM^ 
and  as  the  planks,  of  which  it  is  formed,  are  but  little  cut  up  in  being 
prepared  for  the  centering,  they  may  be  disposed  of,  if  not  required  for 
another  bridge,  at  nearly  their  original  value. 

Plate  XXXVI.,  Fig.  12,  shows  the  details  of  the  centering  used  for 
the  Wurda  bridge  of  7  arches  of  50  feet  span,  and  10  feet  rise.  Three 
sets  of  centres  were  used,  5  ribs  to  each  set ;  each  rib  weighing  about  1^ 
tons.  This  centering  answered  admirably,  and  was  struck  by  means  of 
sand  cylinders  as  described  in  a  succeeding  paragraph. 

281.  Striking  Centres. — When  the  arch  is  finished,  the  temporary 
supports  have  to  be  removed,  and  for  this  purpose  several  methods  are 
used,  which  have  to  be  provided  for  in  the  design  and  construction  of  the 
centering. 

Wedges. — The  most  usual  way,  until  sand-cylinders  wore  introduced, 
was  by  means  of  wedges  placed  under  the  wall  or  pillar  plates,  by  the 
striking  of  which  on  their  sharp  ends,  the  wall  plates  may  be  gradually 
lowered.  These  being  double,  it  is  evident  that  if  their  small  ends,  aa, 
are  struck  inwards,  the  line  ab  will  be  lowered,  and  with  it  the  wall  or 
pillar  plate  c,  and  anything  supported  by  it. 
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Wedges  should  be  in  sets  of  three ;  the  middle  one  directly  under  the 
weight  supported,  the  other  two  at  equal 
distances  on  each  side  of  it ;  then  by 
striking  the  centre  one  first,  the  weight 
will  be  equally  supported  by  the  two 
side  wedges,  the  centre  one  being  rcfixed 
loosely,  the  side  wedges  may  be  struck 
till  the  weight  is  again  borne  by  the 
middle  wedge,  and  thus  the  lowering 
may  be  safely  and  gradually  effected. 

The  wedges  over  every  pillar  should  all  be  struck  equally  and  simul- 
taneously, but  as  this  is  difficult  of  accomplishment,  it  may  be  sufficient 
if  the  wedges  are  struck  in  succession,  lowering  slightly  those  in  the  cen- 
tre line  first,  then  those  in  the  two  next  lines,  and  so  on  to  those  at  the 
springing,  taking  care  that  the  lowering  is  very  gradual  and  equable. 

282.  In  order  to  avoid  the  necessity  for  sending  men  in  under  the 
arch  to  strike  the  centerings,  the  wedges  may  be  connected  together  on 
beams,  so  placed  as  to  pass  outwards  from  the  two  centre  frames  or  trusses 
to  either  end  of  the  arch ;  striking  each  beam  inwards,  lowers  every  cen- 
tre frame  resting  upon  it.  In  centerings  entirely  supported  at  the  spring- 
ing of  the  arches,  four  such  beams,  or  two  on  each  side,  only  will  be  re- 
quired. In  centerings  on  pillars,  two  will  be  required  on  each  row  of 
pillars,  between  the  pillar  plates  and  the  trusses.  In  small  arches  these 
beams  may  be  driven  inwards  with  mallets,  but  in  large  arches  the  work 
may  be  done  by  a  beam  mounted  and  worked  as  a  battering  ram. 

The  wedges  should  be  made  of  hard  wood,  and  the  beam  above  should 
also  be  hard  and  smooth ;  if  a  rough  timber  is  placed  on  the  top  of  a  badly 
formed  wedge,  there  will  be  the  greatest  difficulty  in  getting  the  latter  to 
move  at  all ;  they  should  be  thoroughly  cleared  of  dirt  and  rubbish,  and 
be  well  oiled  before  the  process  of  lowerbg  commences. 

283.  Jack-screws, — A  still  more  gradual  method  of  lowering  cen- 
terings was  used  in  constructbg  the  Roorkee  aqueduct,  viz.,  by  the  in- 
troduction of  jack  screws  in  the  place  of  the  wedges,  prior  to  lowering; 
this  was  effected  by  the  use  of  triple  wedges,  the  middle  wedge  being 
struck  out  without  affecting  the  centering ;  its  place  being  then  suppli- 
ed by  the  screw  tightened  up  to  receive  the  strain,  the  outer  wedges  were 
then  struck  away  and  the  pressure  left  on  the  screw.  The  screw  being  well 
oiled  and  fully  up  to  the  work  required  of  it,  could  be  turned  by  means  of 
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B  loDg  iron  lerer  ko  as  to  lower  the  centering  almost  insenably.  A  row  of 
these  screws  might,  as  in  the  case  of  the  beams  with  wedges  cnt  npon  theniy 
be  connected  together,  so  as  to  work  entirely  from  ont^ide  of  the  arch. 

With  good  centerings,  howerer,  and  well  tamed  arches,  little  danger 
is  to  be  apprehended  in  standing  under  the  largest  and  heariest  arehy 
whilst  the  centering  is  being  lowered  ;  it  is  rather,  conunon  ooarselj 
bailt  arches  or  centerings,  brought  to  the  form  required  bj  heavy  masses  of 
brick  and  mad,  from  which  danger  is  to  be  apprehended,  and  in  these  cases, 
wedges  connected  together,  eo  as  to  be  struck  from  the  outside,  should 
always  be  used  ;  or  better  still,  each  arches  should  nerer  be  bailt  at  alL 

The  wedges  are  also  sometimes  placed  immediately  onder  the  lagging, 
and  being  thus  more  nnmeroos,  each  bears  less  weight,  and  can  therefore 
be  moTed  with  more  ease,  and,  conseqnently,  with  more  certainty  ;  so 
much  so  that  the  centering  may  be  lowered  in  parts  and  accidental  distor- 
tion of  the  arch  by  that  means  sometimes  rectified. 

284.  Sand'CylinderB. — But  by  far  the  best  mode  of  lowering  the 
centres  of  arches  is  by  means  of  Sand-boxes  or  cylinders,  which  was  thos 
described  by  Captain  Fowke,  B.E.,  in  his  Beport  on  the  Paris  Exhibition 
of  1855  :— 

<<  The  employment  of  this  method  does  not  produce  the  slightest  change 
in  the  construction  of  the  centering  itself,  as  the  cylinder  is  simply  sab- 
sitated  for  the  wedges  on  which  the  centres  are  supported.  The  appaimtus 
consists  of  a  cylinder  of  wrought-iron,  12  inches  in  diameter  and  12 
inches  high,  which  is  placed  in  a  yertical  position  on  a  wooden  platform, 
on  which  it  is  prevented  from  slipping  by  a  circular  piece  of  wood,  three- 
fourths  of  an  inch  thick,  nailed  to  the  platform  and  fitting  the  interior 
diameter  of  the  cylinder.  Near  the  base  of  the  cylinder,  at  four  equidis- 
tant points  of  its  circumference  are  bored  holes  1  inch  diameter,  which  are 
stopped  by  corks  introduced  from  the  interior  of  the  cylinder,  which  is 
then  filled  to  within  2  inches  of  the  top  with  sand  previously  dried  and 
passed  through  a  fine  sieve;  and  into  the  space  thus  left  b  fitted  a  solid 
piston  or  plunger  of  wood,  coinciding  exactly  with  the  interior  diameter  of 
the  cylinder,  about  10  inches  high;  the  whole  apparatus  which  is  thus  about 
20  inches  in  height,  is  then  introduced  under  the  centres  in  lieu  of  wedges. 

'^  At  a  given  signal,  the  corks  closing  the  orifices  in  the  cylinders  are 
withdrawn  by  an  iron  rod  about  a  foot  long  and  0*31  of  an  inch  in  dia- 
meter, pointed  at  one  of  its  extremities  and  flattened  and  turned  up  at 
the  other.    The  sand  then  issues  slowly  until  it  has  formed  a  little 
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cone  opposite  eacli  hole,  and  atops.  When  everythio^  is  le&dy,  the 
Engineer  gives  the  order  to  loner  from  2^  to  2  inches ;  then,  by  means 
of  the  iron  rods,  the  men  remove  the  cones  of  aani],  and  help  its  escape 
with  the  caiTod  end  in  the  event  of  its  having  got  wet  during  the  progress 
of  the  work,  until  the  piston  shall  have  descended  the  distance  required, 
which  will  be  noted  bj  a  scale  attached  to  each  piston.  The  workman  then 
allows  the  little  cone  of  sand  to  sccumnlate  and  waits  for  a  fresh  signal, 
and  in  this  way  the  centre  descends  gradually,  and  detaches  itself  uniform- 
ly from  the  arch,  without  shaking  it.  It  will  be  seen  that  being  com- 
pletely master  of  the  operation,  leisure  is  given  to  make  all  necessaiy 
observations,  so  as  to  be  assured  that  all  goes  on  well,  or  to  take  mea- 
Bures  should  the  contrary  be  the  case.  At  the  Pont  d'Ansteiiitz, 
commenced  the  20th  May,  1854,  and  opened  for  trafBc  on  the  8th  No- 
vember, the  centres  were  struck  in  two  hours,  and  it  might  have  been 
performed  in  still  less  time  by  placiug  a  man  to  each  of  the  cylinders,  so 
as  to  lower  all  the  centres  simultaneously.  Each  arch  of  the  bridge  was 
supported  by  36  principals,  and  the  enormous  weight  of  both  the  masonry 
of  the  arch  and  the  metal  of  the  roadway,  bore  on  the  centres,  they  not 
having  been  removed  until  after  the  opening  of  the  bridge  to  the  public" 
285,  Sand-hoxes. — This  method  has  been  lately  much  adopted  in  India, 
and  the  following  are  examples  of  its  application  in  particular  instances:— 
M  I,  Railaas  Bridge: — "  Many  of  the  bridges  in  the  Miuapore  district  are  boilt 
nith  asblar  orchca  of  GO  feet  spaa  and  of  great  weight,  ncccssitatjag  a  very  strong 
ceateriag',  this  condited  generally  of  seven  riba  of  sal  timber,  CBrrjing  for  laggiua 
a  layer  of  the  sleepers,  afterwards  nsed  in  the  permanent  »ay.  The  nb»  ware  kept 
vertical  b/  being  tied  together  with  crosa  braces,  and  wcni  Bapported  with  foor  paha 
of  vfcdgca  ondcr  each  rib  in  the  nsnal  way. 
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hammer  iru  placed  oTcr  each  pair  of  wcdg«t,  and  at  a  ^Tcn  vord  ibey  all  itnA 
togetbcr.  From  Ihut  moment,  tbo  noiM  o£  the  hunmcra  Tendered  any  further  ocdv 
insDiIible,  nnd  the  wedges  came  oat  one  >rter  the  other,  in  noporticalar  order  Mcort- 
ing  to  their  tightness  or  the  strength  of  the  hitting.  The  rcanlt  waa  most  imtata- 
nite  ;  the  heavy  ribs  eame  down  linglv,  snd  in  so  doing  broke  from  the  erom  tiea,  mi 
ultimate!;  fell  over  on  tlieir  side  sevcrclf  injnriog  Knni  of  the  hammeniMii. 

"  It  was  tills  accident  tvliich  caused  the  adoption  of  lond  boxes,  which  ««i«  madr 
in  the  following  way  ; — 

The  box  is  made  of  2-inch  sil  plonk,  IS'  x  S'  Y  9' inside  dimension  ;  theahlMnt 
dove- tailed  into  the  ends,  and  tbc  joints  all  secured  with  S-inch  screws  ;  the  lop  isUI 
opea.  Over  this  box  and  resting  on  the  sand,  is  a  rectangular  block  mcavtriBf 
16'  X  8"  X  8',  so  OB  to  girc  half  an  inch  play  at  each  side  and  on«  inch  at  the  rub 
At  each  side  of  the  bottom  of  the  box,  arc  a  coaple  of  1-inch  holes  sloping  opvuA 
and  inwards,  and  closed  for  the  time  with  wooden  plngt  loosely  driven  in  and  lilei 
Tonnd  with  a  little  moist  clay. 

"  ^Vbcn  iJic  arch  is  ready  for  striking,  fonr  of  tlicsc  boxes  (28  in  all)  are  placet 
nnder  each  rib  ns  near  as  possible  to  the  supporting  wcdgrs,  the  box  filled  iritb  dlj 
saod,  the  block  laid  carctnlly  on  the  sanil  sii  ns  to  lie  clear  of  tbc  inner  edges  of  it 
box,  and  a  pair  of  greased  wcitijcs  with  only  1-inch  tafxt  are  driven  with  a  hand  bo^ 
mcr  between  the  block  and  the  tie-beam  of  tbe  rib.  The  old  wedges  arc  then  tan^ 
knocked  oat,  and  (he  areh  rests  on  the  sand  and  is  freed  by  drawing  oat  tbe  plngfc 

"  The  same  set  of  Ikixcs  was  used  for  sixteen  arches  without  receiving  any  mabaill 
damage. 

"  Tliis  constroction  of  sand-boxes  may  perhaps  appear  too  simple  to  be  worth  (k^ 
crihing.  and  the  only  featnro  to  which  I  wish  to  draw  attention  is,  that  the  sarfacetf 
the  sand  is  left  nncovered  for  half  an  inch  all  round  the  edges  and  ohows  no  tevdoit* 
to  overflow,  notwithstanding  the  enornions  weight  laid  on  it,  it  being  the  propettrsf 
sand  not  to  transmit  lateral  pre^snrc  beyond  a  certain  angle. 

"  The  central  Burfncc  of  sonrl  on  which  the  block  ia  laid  fonns  uncli  an  nnyicMiis 
lied,  that  in  transferring  tbc  weight  of  the  areh  and  centering  from  the  old  wrdget  la    | 
the  sand  boxes,  tlic  greatest  siibsidencc  observed  at  the  crown  nas  never  moic  thn    ' 
one-eigblh  of  an  ineli. 

"  The  play  dins  allowed  to  tbc  block  is  essential  to  ila  steady  descent,  becsue  oltti    j 
sand  is  let  out  by  the  sides,  ita  appei  socfi^    ' 
does  not  remain  horizontal,  and  tbe  bloAtl- 
ingno  longeron  a  level  bed,  wonld, if  nadtk 
flt  tight,  most  inevitably  get  jnmmcd  and  ■''P^ 
T  close  fitting  ping  erpi^^ 


"I  would 
of  the  ab<ive 
large  spo 


o  fail  on  this  ac 
suggest  tbo  following  mndiSca^^^ 
eonstmctiou  as  applicable  to  ^^^ 


to  any  caee  where  the 
qnircs  to  lie  let  down  slowly,  or  thi 
lowering  to  be  stopped  at  any  poini 

"  Dispense  with  the  plugs,  and  let 
stand  on  a  plnnk  a  foot  wider 
a«  to  form  a  shelf  fi  inches  wide  under  the  plug  holes  ;  tbns  the  sand  from 
will  stand  on  this  plank  in  small  cones  at  abontSO'tolhehorixon,  and  will 
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holes  as  effcctnally  as  a  plug.  By  sweeping  these  cones  away  with  the  hand,  the  sand 
will  escape  and  the  centering  may  be  lowered  with  any  degree  of  slowness ;  by  letting 
the  cones  stand,  the  process  may  be  stopped.  By  the  same  means,  one  ]>art  of  the 
arch  may  be  lowered  more  qnickly  than  another,  which  is  sometimes  advantageous 
when  cracks  occur  in  anexpected  places. 

286.     Sand-hags, — In  the  following  case  sand-^a^s  were  used  instead 

of  hoxeSj  but  the  latter  are  to  be  preferred : — 

Morhur  Bridge,  Bengal.— Six  arches  of  74  feet  span  (see  Plate  XXXVII.)  The 
centres  were  designed  with  double  longitudinal  beams,  the  lower  one  carried  on  the 
posts  and  struts  forming  the  supports  of  the  centre,  and  the  upper  one  forming  the  tie 
to  the  scries  of  triangles^  forming  the  upper  portion  of  the  centres.  This  upper 
beam  rested  on  the  lower  at  a  distance  of  12  feet  through  blocks  8x8x12  inches 
of  soft  easily  splitting  wood  (jihorc).  When  the  arch  had  been  keyed,  a  strong  sack 
made  of  double  course  country  canvas  (Jiat)  made  as  a  tube,  filled  with  dry  sand  and 
tied  with  string  at  both  ends,  was  introduced  between  these  two  beams  close  to  each 
block,  a  plate  of  stout  (dank  (12  x  15  x  2  inches)  being  placed  above  and  below  to 
distribute  the  pressure  fairly  over  the  bag  ;  and  finely  tapered  wedges  in  pairs  were 
driven  between  the  upper  plate  and  the  upper  longitudinal  beams  with  heavy  mallets, 
until  the  weight  of  the  centres  in  lieu  of  resting  on  the  blocks,  was  borne  by  the  sand 
bags,  and  the  blocks  were  so  far  loosened  that  they  could  bo  easily  driven  out  of  their 
places  with  a  few  blows  of  the  mallets.  Any  individual  blocks  which  could  not  be 
thus  relieved,  or  were  jammed,  were  sjilit  out  by  carpenters,  but  this  was  not  found 
necessary  in  more  than  two  or  three  cases.  The  blocks  were  then  re-introduced  into 
their  places,  but  laid  on  their  sides  instead  of  on  end,  thus  leaving  a  space  of  4 
inches  between  their  upper  surfaces  and  the  lower  side  of  the  upper  longitudinal. 
The  whole  centres  now  rested  on  the  bags,  of  which  eight  supported  each  truss,  or 
forty  the  complete  centre.  Eighty  ordinary  coolies  were  now  brought  up,  two  to 
each  bag,  (one  taking  charge  of  each  mouth,)  and  two  or  three  Europeans  ]>ost€d 
among  them  to  see,  and  i*eport,  each  order  obeyed.  The  word  was  then  successively 
given — First,  to  untie  the  up>stream  mouths  of  each  bag  but  not  to  allow  any  sand  to 
escape  ;  second,  to  untie  the  down-stream  mouths  ;  third,  to  allow  tlie  sand  to  run  out 
of  the  bag,  when  the  whole  of  the  centre  sank  gradually  and  steadily  until  it  again 
rested  on  the  blocks  placed  to  receive  it,  leaving  the  arch  unsupported* 

It  was  really  a  very  pretty  sight  to  sec  the  large  mass  of  complicated  timber  fram- 
ing 74  X  24  X  IG  feet,  and  weighing  nearly  50  tons  besides  the  portion  of  the 
weight  of  the  arch  of  masonry  resting  on  it,  gradually  subside,  with  a  motion  so  slow 
and  smooth  that  it  was  prefcctly  unnoticeablc  even  while  standing  on  it,  except  by 
the  separation  between  the  lagging  and  the  arch,  and  the  approximation  between  the 
longitudinal  beams  ;  so  uniform  was  the  motion,  that  not  even  a  creak  was  heard 
from  any  joint  of  the  frame,  and  the  time  occupied  by  the  movement  did  not  exceed 
one  minute.  The  amount  of  sinkage  at  the  crown  of  the  arch  was  accurately  noted 
by  means  of  two  heavy  leaden  plummets  weighing  8  to  10  lbs.  each,  and  having  a 
small  brass  scale  attached,  one  of  which  was  hung  from  either  side  of  the  crown  by 
an  iron  wire,  and  rested  in  a  tub  of  water  below  to  check  any  oscillation  of  the  plumb 
bob  ;  consequently,  the  depth  to  which  the  scale  was  immersed,  before  and  after  strik- 
ing, being  carefully  noted,  the  difference  showed  the  exact  amount  the  crown  of  the 
arch  had  sunk  ;  this  measurement  was  further  checked  in  some  arches,  by  obsenring 
a  point  on  the  key  of  the  arch  from  a  distance,  through  the  telescope  of  a  theodolite. 
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FLOORS,  PARTITIONS  AND  STAIRCASES. 

287.  Although  donblc-storied  honses  are  rare  in  India,  more 
ciallj  np-conntry,  still  they  are  occasionally  built,  as  in  the  caae  of 
Barracks,  hoases  in  tho  bills,  &c.    We  shall  therefore  describe 
Floors,  Partitions,  and  Staircases,  which  are  generally  required  wbcn 
bnilding  consists  of  more  than  a  single  story. 

Floors. — Tredgold  describes  three  sorts  of  floors — single  joisttd^ 
joisted,  and  framed.  These  are  respectively  shown  in  JFig$.  ly  S,  3| 
Plate  XXXVIII.  It  was  fonnd  by  experiment  that  the  single  j 
floor  was  the  strongest ;  indeed,  the  complication  of  the  others  is 
unnecessary  as  regards  strength,  and  results  only  from  a  desire  to 
as  perfect  a  ceiling  as  possible,  it  being  fonnd  that  ceilings  so  sn; 
are  little  subject  to  cracks  and  irregularities ;  in  India,  where  ceilings 
not  considered  essential,  the  single  joisted  floor  should  nndoubtedlj 
used.  As  planking  is  generally  difficult  to  obtain,  and  is  apt  to  waip 
rot,  the  floor  of  an  upper  story  is  often  made  with  tiles,  and  plastered  il 
much  the  same  way  as  a  flat  roof,  the  girders  and  burgahs  disposed  in  tbo 
same  way  as  in  its  construction,  and  the  calculation  for  them  being  o( 
a  precisely  similar  nature ;  but,  as  a  floor  shonld  not  oacillate  by  tte 
movement  of  people,  it  is  better  to  have  frequent  timbers  of  a  stiff  8€etitm^ 
than  infrequent  timbers  of  a  section  which  is  stronger,  but  not  so  stiff. 

288.  Plate  XXXVIII.,  Dg.  1,— Bridging  joist  or  Single  jaiM 
Floors. — No.  1  is  the  plan  of  an  apartment :  a  a  a  a,  are  the  walls,  h  h 
the  wall -plates,  c  c  c  c,  &c.,  the  bridging-joists,  d  d  part  of  the  flooring 
boards.  The  bridging-joists  are  usually  placed  from  10  to  12  incbei 
apart :  their  scantling  is  dependent  on  their  length,  their  distance  apazt, 
and  the  weight  they  have  to  carry,  and  may  be  calculated  as  in  the  case 
of  flat  roofs. 

No.  2  shows  a  section  through  the  joists  at  right  angles  to  their 
direction :  c  c  are  the  bridging-joists,  d  the  edge  of  one  of  the  flooring- 
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boards,  e  e  the  side  of  a  ceiling-joist.  The  ceiling-joists  cross  the  bridg* 
ing-joists  at  right  angles,  as  seen  ai  e  e  e,  No.  1,  and  are  notched  up  to 
them  and  fastened  with  nails.  Sometimes  every  third  or  fourth  bridg- 
ing-joist is  made  deeper  than  its  fellows,  and  the  ceiling-joists  are  then 
fixed  to  them  only.  This  has  the  advantages  of  preventing  sound 
passing  so  readily,  and  making  the  ceiling  stand  better. 

289.  When  the  bearing  of  single  joists  exceeds  8  feet,  they  should 
be  strutted  between,  to  prevent  their  twisting,  and  to  give  them  stiffness. 
When  the  bearing  exceeds  12  feet,  two  rows  of  struts  are  necessary ;  and 
so  on,  adding  a  row  of  struts  for  every  increase  of  4  feet  in  the  bearing. 

There  are  three  modes  of  strutting  employed,  the  first  and  most 
simple  is  to  insert  a  piece  of  board,  nearly  of  the  depth  of  the  joists, 
between  every  two  joists,  so  as  to  form  a  continuous  line  across.  The 
struts  should  fit  rather  tightly,  and  are  simply  nailed  to  keep  them  in 
position.  The  second  mode  is  to  mortise  a  lino  of  stout  pieces  into  the 
joists  in  a  continuous  line  across,  but  the  mortises  materially  weaken  the 
joists.  Tlie  third  mode  is  represented  in  the  section  No.  2 ;  //arc  double 
struts,  of  pieces  from  8  to  4  inches  wide  and  1^  inch  thick,  crossing 
each  other,  and  nailed  at  the  crossing  to  each  other  and  at  their  ends  to 
the  joists.  The  struts  should  be  cut  at  their  ends  to  the  bevel  proper  for 
their  inclination.  To  save  the  trouble  of  boring  holes  for  the  nails,  two 
slight  cuts  are  made  at  each  end  with  a  wide-set  saw,  and  the  strut  is 
nailed  through  these  with  clasp-nails.  Of  the  three  modes,  the  last  is 
the  best.     In  No.  l,///show  three  lines  of  struts. 

290.  Trimmers. — When  some  joists  would,  from  their  position,  nm 
into  a  fireplace  or  flues  in  a  wall,  it  is  improper  to  give  them  a  bearing 
there.  In  the  case  of  the  floor,  Fig,  1,  two  short  timbers,  called  "  trim- 
mers," are  introduced— one  on  each  side  of  the  place  to  be  cleared,  with  one 
end  resting  in  the  wall,  and  the  other  framed  into  the  third  joist  from  it : 
into  the  outer  side  of  these,  respectively,  the  end  portions  of  the  two 
first  joists  arc  framed,  the  intermediate  portion  being  dispensed  with. 
The  joist  into  which  the  trimmers  are  framed  is  called  the  **  trimming- 
joist,"  and  is  made  thicker  than  the  others,  according  to  the  number  of 
joists  dependent  on  it  for  support.  The  hearth  rests  on  a  brick  arch 
turned  between  the  trimmer  and  the  wall.  Trimming  is  also  resorted  to 
for  stair  and  other  openings. 

29L    Timber  partitions  are    internal  vertical  divisions  used  in 
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the  upper  stories  of  a  building,  to  make  the  separations  required  in  form- 
ing the  apartments.  When  8uch  apartments  are  more  numerous  than  in 
the  lower  stories,  the  partitions  should  be  so  constructed  as  in  no  way  to 
influence,  by  their  weight,  the  integrity  of  the  ceilings  of  the  rooms 
beneath ;  and  their  weight  therefore  should  be  transferred,  by  the  system 
of  framing,  to  the  immovable  points  of  the  structure. 

To  accomplish  this,  trussed  or  quartered  partitions  are  used.  These 
are  framed  on  the  same  principle  as  a  king  or  queen -post  roof;  and  are 
equally  capable  of  bearing  a  strain  proportionate  to  the  scantling  of  the 
timbers  of  which  they  are  composed. 

Timber  partitions  should  not  bo  used  in  dividing  the  ground  floors 
into  apartments,  because  of  their  liability  to  bo  affected  by  damp.  Stones 
or  bricks  are  the  proper  materials  to  use  in  such  places. 

292.  Plate  XXXIX.,  Fig,  1,  is  a  partition  trussed  on  the  principle 
of  the  queen-post  roof.  The  object  aimed  at  in  this  case  is  to  resolve 
all  the  pressures  or  weights  of  the  partition  into  vertical  or  downward 
pressure  on  the  walls,  which  in  the  example  before  us,  is  rendered 
easy  by  the  symmetrical  arrangement  of  the  openings.  For  it  will  be 
readily  seen  that  the  pieces  DD,  with  the  intertie  AA,  the  straining- 
piece  hj  and  the  struts  d  acting  in  the  same  manner  as  roof  principals, 
form  a  queen-post  truss;  the  intertie  A  A  being  rendered  continuous 
as  a  tie-beam  by  the  straps  at  a  a.  The  strut  c  serves  to  discharge 
the  downward  pressure  at  m  to  the  wall;  and  the  counter-strut /the 
pressure  at  n  to  the  foot  of  the  queen-post  D.  The  actual  stability  of 
the  partition,  however,  depends  on  the  upper  trussing ;  that  is,  on  the 
framing  composed  of  the  tie  AA,  the  posts  DD,  the  principals  d  d,  and 
the  straining- piece  h.  0  is  the  headpiece  of  the  partition,  B  its  sill, 
I  the  door-posts,  and  1 1  the  door-frame ;  b  b,  b  b  are  the  joists  of  the 
floors  above  and  below.  The  counterbraces,  saoh  as  g,  prevent  the 
sagging  of  the  main  struts,  and  give  additional  stiflness  and  firmness 
to  the  framing. 

This  partition  is  at  right  angles  to  the  direction  of  the  joists  b  by  and 
therefore  when  the  door-posts  do  not  fall  upon  a  joist,  it  is  necessary  to 
support  them  by  pieces,  as  k\ 

293.  Fig.  2,  No.  1. — In  this  example,  the  intertie  13,  the  post  D, 
and  the  struts  g,  form  a  king-post  truss.  The  door-posts  /,  are  secured 
by  the  straps  at  o  and  ;>,  the  intertie  is  continuous,  and  the  king-post  is 


' 


<t 


,; 


i 


I 


- 

■ 


I 

t 

,  \ 

i    I' 

!    !: 

I    ^ 


f 
1 

■ 

1 


''  , 


i 


^ 


t 


•      I     f 

-:  1 1 


I      1 

Hi 


I 


n 


! 


V  I  ; 
I 


FLOORS,   FARTITIOKS   AND   STAIRCASES.  oil 

rendered  so  by  the  strap  at  m.  The  sill  is  snstaincd  by  the  strap  at  n, 
and  thus  the  whole  system  of  the  framing  is  dependent  on  the  upper  por- 
tion of  the  truss :  e  and  /  are  the  struts,  and  kk  the  doorcase ;  A  tho 
headpiece,  and  hh  joists  of  the  floor  above. 

In  No.  2,  the  upper  portion  of  tlie  truss  is  on  the  queen-post  principle 
D  is  the  intertie,  which,  as  before,  is  the  tie-beam ;  e  is  the  strut  form- 
ing the  principal,  and  /  the  straining-piece.  The  door-posts  A,  B,  are 
suspended  by  the  straps  c  c,  E  is  the  sill,  d  a  strut  or  brace,  g  a  counter- 
brace,  and  C  the  headpiece. 

294.  Joiners'  work. — Doors.  The  door  and  door  frames  are  two 
distinct  parts  of  the  house-fitting.  The  door  frame  consists  essentially  of 
four  pieces,  called  stanchions  or  posts,  and  a  topsill  or  lintel  and  a  ground- 
sill. For  external  doors,  the  parts  are  generally  of  solid  timber  cut  with 
a  rebate  on  the  inner  faces  for  the  door  to  shut  agninst ;  the  topsill  or 
lintel  is  almost  always  of  solid  timber,  as  even  if  it  has  no  superincum- 
bent weight  to  carry,  (which  it  should  not  have,)  the  stability  of  the  door 
depends  much  on  the  bonding  of  the  topsill  into  the  wall.  The  ground- 
sill is  generally  of  hard  wood  or  stone,  in  order  to  withstand  the  wear  of  the 
traffic.  The  framing  together  of  these  four  pieces  is  done  in  the  manner  of 
ordinary  carpenters'  framing,  and  the  timber  is  generally  wrought  or  planed. 
It  is  fixed  in  the  reveal  constructed  in  the  wall  to  keep  the  wind  and  rain 
from  passing  between  the  frame  and  the  wall ;  hence  an  external  door  al- 
ways opens  inwards,  an  arrangement  suitable  both  for  convenience  and 
defence.  The  frame  of  an  internal  door  may  be  made  in  the  same  man- 
ner as  that  of  an  external  door,  and  set  in  a  reveal  in  the  wall ;  but  it  is  usual 
in  ordinary  houses  to  line  the  whole  of  the  door  opening  in  the  wall  with 
wood  for  the  sake  of  appearance,  and  the  vertical  and  top  pieces  of  this 
lining  are  used  as  the  posts  and  topsill  of  the  door  frame;  hence  an 
internal  door  frame  is  a  kind  of  box,  the  pieces  of  which  are  dove-tailed 
together,  and  are  thick  enough  to  allow  of  a  rebate  being  cut  in  them  for 
the  door  to  shut  against.  As  the  efficiency  of  a  door  frame  depends  more 
on  its  stiffness  than  its  strength,  the  scantlings  should  never  be  very  small ; 
probably  ^^  x  3  inches  is  the  smallest  section  that  should  be  given  to  any 
solid  door  frame,  and  a  barrack  solid  door  frame  should  be  4  x  4  inches. 
An  internal  door  should  be  flush  with  the  wall  of  the  room  it  leads  into, 
and  should  open  into  the  room. 

295.    The  door  itself  is  composed  of  a  frame  of  4  or  more  pieces,  con- 
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sisting  of  two  verticals, oallcil  att/les,one  horizontal  at  tbe  top,  and BDother at 
tlie  bottom,  called  tlie  top  rait  and  bottom  rait,  and  two  more  iutennediata 
borizont&l  pieces  called  tbe  lock  7-ail  tmd/riete  rail,  and  euuietimes  an  in- 
termediate Etjle  (called  moutant,  mounting,  mullion)  to  reduce  tbe  breadth 
of  the  pannelling  :  according  to  the  mode  of  filling  in  this  framework  the 
door  receives  its  technics!  name.  The  rails  are  framed  in  between  tbe 
atjlcs  with  common  mortises  and  tenoiis,  driven  uji  tight  with  tittle  wooden 
wedges.  The  intermediate  etjles  are  framed  in  between  the  rails.  The  filling 
in  is  sometimes  of  boards  or  battens  nailed  agaiust  the  framework,  or  let  in 
flush  with  the  framework  on  one  side ;  this  method  is  generally  used  with 
common  doorsasfor  barrack  rooms,  and  is  called  a  framed  and  battened  door. 
Sometimes  tbe  filling  iu  is  of  thin  panels  of  wood  mortised  int.>  tbe  frame 
with  a  continuous  groove  all  round ;  this  ie  used  with  doors  of  more  im- 
portant rooms,  and  is  called  a  framed  and  panelled  door.  It  ia  the 
strongest  description  for  ordinary  purposes.  Iu  large  battened  doors  ft 
diagonal  brace  is  sometimes  introduced  extending  from  the  upper  outer 
comer  to  tbe  lower  inner  comer. 


Fig.  1. 


Fig.  2. 


In  ordinary  framed  doors,  the  top  and  frieze  tmIs  are  generally  of  the 
Banio  width  as  the  styles,  the  bottom  and  lock  rails  generally  twice  as 
wide.  In  Fig.  1,  a,  a  are  styles,  h  the  moutant,  c  bottom  rail,  d  lock  rail, 
e  frieze  rail,  /  top  rail,  g  frieze  panel,  k  middle  panel,  i  bottom  panel. 
When  a  doorway  ia  closed  by  two  doors  of  equal  width  hinged  tu  its  oppo- 
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site  jambs,  the  middle  or  meeting  styles  are  frequently  rebated  and 
beaded ;  such  a  door  is  termed  a  double-margined  door  or  two-Uaved  doon 
Doors  also,  which,  whilst  they  are  in  one  width  are  framed  with  a  wide 
style  in  the  middle,  beaded  in  the  centre  in  imitation  of  the  two  styles  of 
a  two-leayed  door,  are  also  called  double -margined  doors.  Fig.  2  shows 
the  appearance  of  the  two-leaved  and  double  margined  doors.  A  sash 
door  is  one  which  is  glazed  aboTe  the  lock  rail. 

296.  Windows. — There  are  three  ordinary  methods  of  arrang^g  the 
opening  of  windows,  requiring  three  kinds  of  construction. 

let.  The  Sliding  Sash,  in  which  the  window  slides  vertically  up  and 
down  in  its  frame,  being  counterbalanced  by  two  weights,  one  on  each 
side,  moving  in  boxes  made  in  the  frames  and  connected  with  the  windows 
by  cords  passing  over  pullies  at  the  top.  This  is  the  method  commonly 
used  in  England,  and  is  the  most  effective  one  in  climates  of  much  wind 
and  rain.  There  is  a  window  frame,  just  as  there  is  a  door  frame,  for  the 
windows  to  work  in,  and  this  is  made  of  four  pieces  like  a  door  frame, 
two  side  pieces,  a  top  sill,  and  a  bottom  sill.  The  side  pieces,  instead  of 
being  solid,  consist  of  the  boxes  before  mentioned,  or  eavea  as  they  are 
called,  made  of  thin  boards,  the  sides  of  which  project  slightly  towards  tha 
window,  forming  a  kind  of  groove  for  the  window  to  slide  in.  The  top 
and  bottom  sills  are  cut  with  a  rebate  for  the  window  to  shut  against,  and 
the  bottom  sill  is  weathered,  that  is  sloped  on  its  upper  surface  to  carry 
off  the  rain.  The  bottom  sill  is  generally  of  hard  wood,  on  account  of  its 
exposure  to  wet.  The  frame  is  made  by  the  carpenter  and  fixed  in  its 
place  by  the  mason  or  bricklayer. 

The  window  or  sashf  as  the  joiner  calls  it,  is  made  like  a  door,  of  a 
frame  of  four  pieces,  two  styles  and  two  rails :  they  are  put  together  on  the 
same  principles  as  in  a  door ;  the  intermediate  pieces  to  hold  the  panes  are 
called  the  sash  bars.  The  vertical  sash  bars  extend  continuously  from 
top  to  bottom,  the  horizontal  bars  are  framed  in  between  them.  The  bars 
and  frame  pieces  are  cut  with  a  rebate  on  the  outer  sides  forming  a  should- 
er against  which  the  glass  is  laid ;  the  underside  of  the  bottom  rail  is 
bevilled  to  fit  the  weatherings  of  the  bottom  sill  of  the  window  frame. 

When  the  window  is  in  two  separate  pieces,  or  is  hung  double^  having 
an  upper  and  a  lower  sash,  each  piece  is  hung  separately  to  a  pair  of 
counterbalancing  weights,  the  upper  sash  slides  downwards  to  open,  and 
the  lower  sash  slides  upwardsy  the  upper  one  being  placed  outside  th« 
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pieces  placed  below  the  Hiers  ;  theae  are  called  earriaga 
posed  of  loDgitndinsl  and  transverse  pieces ;  the  formei 
Itrings,  the  latter  pitching  pieces ;  and  the  rough  stringi 
pieces  called  rough  brackets,  fitted  to  the  onderside  of  tt 

The  wmders  are  supported  b;  rongh  pieces  called  bea 
the  wall,  and  secured  to  the  strings. 

Where  commtiniaatioii  between  the  stories  is  freqn 
necessary  in  the  stwrs  are  ease  and  conrcnience  in  nsin 
safGdent  strength  and  dnrability.  Economy  of  space  ii 
of  stairs  is  an  important  consideration.  To  obtain  tb 
made  to  tarn  upon  themselres,  one  flight  being  carried 
BDch  a  height  as  will  admit  of  head  room  to  a  fall-groi 
XL.,  shows  in  plan,  section,  and  elevation,  the  seTeral  ti 
shore  as  used  in  the  constraction  of  stairs. 

298.  Method  of  letting  out  itaira  tohere  the  building 
or  the  general  plan  of  the  building  is  understood.  The 
ascertained  are  the  sitnation  of  the  first  and  last  risers, 
the  story  wherein  the  stair  is  to  be  placed, 

A  sketch  is  made  of  the  plan  of  the  hall  to  the  ex 
flset  from  the  supposed  place  of  the  foot  of  the  stair,  i 
ways,  branching  passages,  or  windows  which  can  possil 
tact  with  the  stair  from  its  commencement  to  its  e^i 
or  landing,  are  noted.  This  sketch  necessarily  indades 
entranoe-hall  in  one  part,  and  of  the  lobby  or  landing  i 
on  it  have  to  be  laid  down  the  expected  lines  of  the  fin 
Tbe  height  of  the  story  is  next  to  be  exactly  detenni 
a  rod ;  then,  assuming  a  height  of  riser  suitable  to  thi 
made,  bj  diTision.  how  often  this  hcicrht  is  contained 
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is  obtained  to  the  tliirty-second  part  of  an  inch.  These  heights  are  then 
set  off  on  the  story  rod  as  exactly  as  possible.  The  next  operation  is  to 
show  the  risers  on  the  plan,  but  for  this  no  arbitrary  rule  can  be  gi?en ; 
the  designer  must  exercise  his  ingenuity. 

299.  Whe  two  flights  are  necessary  for  the  story,  it  is  desirable 
that  each  flight  should  consist  of  an  equal  number  of  risers;  but  this 
will  depend  on  the  form  of  the  staircase,  the  situation  and  height  of  the 
doors,  and  other  obstacles  to  be  passed  over  or  under,  as  the  case  may  be. 
Try  what  the  width  of  the  tread  will  be  by  setting  off,  upon  the  line  n  a 
in  Fig,  1,  the  width  of  the  landing  from  the  wall  AB  ;  and  dividing  the 
length  of  the  flight  into  as  many  equal  spaces  as  it  is  intended  there 
should  be  steps  in  each  flight.  The  landing  covers  one  riser,  and  there- 
fore the  number  of  steps  in  a  flight  will  be  always  one  fewer  than  the 
number  of  risers.  The  width  of  tread  which  can  be  obtained  for  each 
flight  will  thus  be  found,  and,  consistent  with  the  situation,  the  plan  will 
be  so  far  decided.  A  pitch-board  should  now  be  formed  to  the  angle  of 
inclination :  this  is  done  by  making  a  piece  of  thin  board  in  the  shape 
of  a  right-angled  triangle,  the  base  of  which  is  the  exact  going  of  the  step, 
and  its  perpendicular  the  height  of  the  riser. 

If  the  stair  be  a  newel  stair,  its  width  will  be  found  by  setting  out  the 
plan  and  section  of  the  newel  on  the  landing  ;  (if  one  newel,  it  should,  of 
course,  stand  in  the  middle  of  the  width ;)  then,  in  connection  with  the 
newel,  mark  the  place  of  the  outer  or  front  string,  and  also  the  place  of 
back  or  wall  string,  according  to  the  intended  thickness  of  each.  This 
should  be  done  not  only  to  a  scale  on  the  plan,  but  likewise  to  the  full 
size  on  the  rod.  6et  off  on  the  rod,  the  thickness  of  each  string ;  the 
depth  of  the  grooving  of  the  steps  in  the  string ;  mark  also  on  the  plan 
the  place  and  section  of  the  bottom  newel ;  the  same  figure  answers  for 
the  place  of  the  top  newel  of  the  second  flight,  the  flights  being  supposed 
of  equal  length.  The  front  string  is  usually  framed  into  the  middle  of 
the  newel,  and  thus  the  centres  of  the  rail,  the  newels,  the  balusters, 
and  the  front  string  range  with  each  other ;  the  width  of  the  flights  will 
thus  be  shown  on  the  rod. 

It  is  a  general  maxim  that  the  greater  the  breadth  of  a  step  the  less 
should  be  the  height  of  the  riser ;  and  experience  shows  that  a  step  of 
12  inches  width  and  5^  inches  rise,  may  be  taken  as  a  standard. 

300.  Plans  of  Staire. — Before  giving  examples  of  the  various  forms 
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of  stain  ordinaril;  occnrring  in  practice,  we  shall,  irith  BOtne  minnteneBS, 
illnstrate  the  mode  of  Ujing  doTrn  the  plin  of  a  Btair,  where  the  height 
of  the  atoiy,  the  nambei  of  the  steps,  and  the  space  which  thej  are  to 
occnpj,  are  all  given. 

The  first  example  shall  be  of  the  simplest  kind,  or  dog-legged  titaiiB. 
Let  the  height  (J^i^.  1)  be  10  feet,  the  number  of  risers  17,  the  height 
iig  1.  of  each  riser  consequenttf  7^^,  and  the  breadtJi 

of  tread  9} ;  the  width  of  the  etoircase  5  feet  8 
inches. 

Proceed  first  to  lay  down  on  the  plan  the  width 
of  the  landing ;  then  the  size  of  the  newel  a  in 
its  proper  position,  the  centre  of  the  newel  being 
on  the  riser  line  of  the  landing,  which  shoald  be 
drawn  at  a  distance  from  the  back  wall  eqaal  to 
the  semi-width  of  the  staircase,  and  at  right  angles 
to  the  side  wall.  Bisect  the  last  riser  a  &  at  o,  and 
describe  an  arc  from  the  centre  of  the  newel,  as  o  A,  on  which  set  oat  tha 
breadth  of  ^e  winders  ;  then  to  the  centre  of  the  newel,  draw  the  lines 
indicating  the  face  of  each  riser.  If  there  be  not  space  to  get  in  the 
whole  of  the  steps,  winders  may  be  also  introduced  on  the  left  hand  side, 
instead  of  the  quarter  space  as  shown. 

301.     The  next  example  is  a  geometrical  staircase. 
Let  A  D  B  C  {Fig.  2)  be  the  plan  of  the  walls  where  a  geometrical 
Btair  is  to  be  erected,  and  the  line  C  be  the  line  of  the  face  of  the  first 
riser;  let  the  whole  height  of  the  story  be  11 
feet  6  inches,  and  the  height  of  riser  6  inches, 
the  number  of  risers  will  conseqiienll;  be  twenty- 
three.     The  nnmber  of  steps  in  each  flight  will 
be  one  fewer  than  the  number  of  risers,  and  ac- 
cording to  the  preceding  ntle,  the  treed  should 
be  11  inches,  so  if  there  are  two  flights  there  will 
be  twenty -one  steps;  or  if  winders  are  necessary, 
there  will  be  twenty-two  steps  in  all,  from  the 
first  to  the  lant  riser.      Having  first  set  out  the 
opening  of  the  well-hole,  or  the  line  of  balusters, 
divide  the  width  of  the  stairs  into  two  equal  parts,  and  continne  the  line 
of  divisioB  irith  t,  semicircle  round  the  circular  part,  as  shown  by  the 
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dotted  line  in  the  figare ;  then  divide  this  line  from  the  first  to  the  last 
riser  into  twenty-two  equal  parts,  and  if  a  proper  width  for  each  step 
can  thos  be  obtained,  draw  the  lines  for  the  risers.  This  would,  however, 
give  a  greater  width  of  step  than  is  required;  take  therefore  11  inches 
for  the  width  of  step,  and  this  repeated  twenty  times,  will  reach  to  the 
line  df  which  is  the  last  riser.  There  are,  in  this  case,  eight  winders 
in  the  half  space,  but  four  winders  might  be  placed  in  one  quarter 
space,  the  other  quarter  space  might  be  made  a  landing,  and  the  rest 
of  the  steps  being  fliers,  would  bring  the  last  riser  to  the  line  AG.  The 
usual  place  for  the  entrance  to  the  cellar  stairs  is  at  D,  but  allowing 
for  the  thickness  of  the  carriages,  the  height  obtainable  there  will  be 
only  about  6  feet,  which  is  not  suflBcient.  At  E,  in  this  example,  would 
be  a  better  situation  for  the  entrance  to  the  cellar  steps. 

302.  Plate  XLI.,  Fig,  1. — Nos.  1  and  2,  show  a  plan  and  elevation 
of  a  newel  stair.  The  first  quarter  space  contains  three  winders,  the 
next  quarter  space  is  a  landing;  the  lower  fiight  is  shown  partly  in 
section,  exposing  the  rough  string  DD,  and  its  connection  with  the 
bearers  GO.  The  front  string  AA  should  be  tenoned  into  the  newels  below 
and  above. 

Fig,  2. — Nos.  1  and  2  show  the  plan  and  elevation  of  a  well-hole 
stairs,  with  a  landing  in  the  half  space.  The  well-hole  is  here  composed 
of  two  circular  quadrants  connected  by  a  small  portion  of  straight  line ; 
this  figure  is  not  so  graceful  as  the  pej^fect  semicircle  in  Fig.  2,  page 
318,  but  it  allows  more  room  on  the  landing. 

303.  Plate  XLII.,  Fig,  1. — Nos.  1  and  2  are  the  plan  and  elevation 
of  a  geometrical  stair,  composed  of  straight  flights,  with  qnarter-space 
landings,  and  rising  15  feet  9  inches. 

The  first  flight  is  shown  in  Fig.  1,  No.  2,  partly  in  section,  exhibit- 
ing the  carriage  c  c,  T  the  trimmer  joists  for  quarter  space,  and  V  the 
trimmer  joists  of  the  floor  below,  with  the  lower  end  of  the  iron  balus- 
ter fastened  by  a  screw  and  nut  d,  at  the  under  side  of  the  trimmer 
joists  V. 

J^^.  2. — No.  1,  exhibits  the  plan,  and  No.  2,  the  elevation  of  a  geome- 
trical stair,  with  straight  flights  connected  by  winders  on  the  quarter 
spaces. 


SECTION   IV.-MASONET. 


304.     Masonrt  is  the  art  of  raising  stmctares  in  Btone  or 
Mortar. 

Masonry  is  classified  either  from  the  nature  of  the  material, 
Ma8(mry^  Brick  Masonry ;  or  from  the  manner  in  which  the  mateiiilii 
prepared,  as  Cut  Stone  or  Ashlar  Masonry,  Rnhble  Stone  or  Bough 
sonry,  and  Hammered  Stone  Masonry ;  and  in  India,  Pucka^  Kueka 
and  Kucha,  Brick  Masonry ;  the  first,  consisting  of  burnt  bricki  uk  fa 
lime  mortar ;  the  second,  of  bomt  bricks  in  mnd ;  and  the  third,  of 
dried  bricks  set  in  mud. 


CHAPTER     XV  I. 


STONE  MASONRY. 


305.  Ashlar, — Masonry  of  cut  stone,  when  carefully  made,  is  strong* 
and  more  solid  than  that  of  any  other  class ;  but,  owing  to  the  labor 
required  in  dressing^  or  preparing  the  stone,  it  is  also  the  most  expensive. 
It  is,  therefore,  chicfiy  restricted  to  those  works  where  a  certain  archiiae- 
tural  effect  is  to  be  produced  by  the  regularity  of  the  masses,  or  whs 
great  strength  is  indispensable. 

Before  explaining  the  means  to  be  used  to  obtain  the  greatest  strength 
in  cut  stone,  it  will  be  necessary  to  give  a  few  definitions  to  render  the 
subject  clearer. 

In  a  wall  of  masonry,  the  term  Jace  is  usually  applied  to  the  front  or 
outside  of  the  wall,  and  the  term  hack  to  the  inside ;  the  stone  which  foniil 
the  front,  is  termed  ihe  facing;  that  of  the  back,  the  backing;  and  the  in- 
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terior,  ihe  filling.  If  the  front,  or  back  of  the  wall,  has  a  nniform  slope 
from  the  top  to  the  bottom,  this  slope  is  termed  the  hatter.  The  term 
course  is  applied  to  each  horizontal  layer  of  stone  in  the  wall :  if  the 
stones  of  each  layer  are  of  equal  thickness  throughout,  it  is  termed 
regular  coursing;  if  the  thickness  is  unequal,  the  term  random^  or 
irregular  coursing,  is  applied.  The  sides  are  the  surfaces  which  bound 
the  stones  in  a  direction  transverse  to  both  faces  and  beds.  The  joints 
between  the  courses  through  which  the  principal  pressures  act  are  called 
bed-joints :  the  joints  transverse  both  to  beds  and  face  are  termed  side^ 
joints,  or  often  sim^lj  joints.  The  surfaces  of  the  stones  of  each  course 
parallel  to  the  layers  are  termed  the  beds  or  builds.  The  arrangement  of 
the  different  stones  of  each  course  or  of  contiguous  courses,  is  termed 
the  bond. 

306.  The  strength  of  a  mass  of  cut  stone  masonry  will  depend  on 
the  size  of  the  blocks  iu  each  course,  on  the  accuracy  of  the  dressing,  and 
on  the  bond  used. 

Ashlar. — The  size  of  the  blocks  varies  with  the  kind  of  stone,  and  the 
nature  of  the  quarry.*  From  some  quarries  the  stone  may  be  obtained  of 
any  required  dimensions ;  others,  owing  to  some  peculiarity  in  the  forma- 
tion of  the  stone,  only  furnish  blocks  of  small  size.  Again,  the  strength 
of  some  stones  is  so  great  as  to  admit  of  their  being  used  in  blocks  of  any 
size,  without  danger  to  the  stability  of  the  structure,  arising  from  their 
breaking ;  others  can  only  be  used  with  safety,  when  the  length,  breadth, 
and  thickness  of  the  block  bear  certain  relations  to  each  other.  No  fixed 
rule  can  be  laid  down  on  this  point ;  that  usually  followed  by  builders,  is  to 
make,  with  ordinary  stone,  the  breadth  at  least  equal  to  the  thickness,  and 
seldom  greater  than  twice  this  dimension,  and  to  limit  the  length  to  with- 
in three  times  the  thickness.  When  the  breadth  or  the  length  is  consider- 
able, in  comparison  with  the  thickness,  there  is  danger  that  the  block  may 
break,  if  any  unequal  settling,  or  unequal  pressure,  should  take  place.  As 
to  the  absolute  dimensions,  the  thickness  is  generally  not  less  than  one 
foot,  nor  greater  than  two ;  stones  of  this  thickness,  with  the  relative  di- 
mensions just  laid  down,  will  weigh  from  1,000  to  8,000  pounds,  allow- 
ing, on  an  average,  160  pounds  to  the  cubic  foot.  With  these  dimensions, 
therefore,  the  weight  of  each  block  will  require  a  very  considerable  power, 
both  of  machinery  and  men,  to  set  it  on  its  bed. 

307.  Block-in-course. — When  the  stones  are  smaller,  the  depth  of 
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the  courses  being  from  7  to  9  inches,  such  masonry  of  nnifomif  hamnia- 
dressed,  blocks  is  termed  block-in-course  masonry. 

308.  Coping, — For  the  coping  and  top  courses  of  »  wall,  the  sameab-'! 
jections  do  not  apply  to  excess  in  length ;  but  this  excess  maj,  on  As 
contrary,  prove  favorable ;  because  the  number  of  top  joints  being 
diminished,  the  mass  beneath  the  coping  will  be  better  protected,  being 
posed  only  at  the  joints,  which  cannot  be  made  water-tight,  owing  to 
mortar  being  crushed  by  the  expansion  of  the  blocks  in  warm  weather,  ai^' 
when  they  contract,  being  washed  out  by  the  rain. 

309.  The  closeness  with  which  the  blocks  fit  is  solely  dependent  on 
accuracy  with  which  the  surfaces  in  contact,  are  wrought  or  dreued; 
this  part  of  the  work  is  done  in  a  slovenly  manner,  the  mass  will  not 
present  open  joints  from  any  inequality  in  the  settling ;   but,  from 
courses  not  fitting  accurately  on  their  beds,  the  blocks  will  be  Habk 
crack  from  the  unequal  pressure  on  the  different  points  of  the  blocL 

The  surfaces  of  one  set  of  joints  should,  as  a  prime  condition,  be  peipA- 
dicular  to  the  direction  of  the  pressure;  by  this  arrangement,  there wiDWI 
no  tendency  in  any  of  the  blocks  to  slip.     In  a  vertical  wall,  for  exam|I% 
the  pressure  being  downward,  the  surfaces  of  one  set  of  joints,  which  oi 
the  heda^  must  be  horizontal.     The  surfaces  of  the  other  set  most  be  p0» 
pendicular  to  these,  and,  at  the  same  time,  perpendicular  to  the  face,  or  li 
the  back  of  the  wall,  according  to  the  position  of  the  stones  in  the  oMi 
Two  essential  points  will  thus  be  attained  ;  the  angles  of  the  blocks,  at  tk 
top  aud  bottom  of  the  course,  and  at  the  face  or  back,  will  be  right  angkli 
and  the  block  will  therefore  be  as  strong  as  the  nature  of  the  stone  vil 
admit.     The  principles  here  applied  to  a  vertical  wall,  are  applicable  it  ' 
all  cases,  whatever  may  be  the  direction  of  the  pressure  and  the  foim  of 
the  exterior  surfaces,  whether  plane  or  curved. 

Workmen,  unless  narrowly  watched,  seldom  take  the  pains  neoesniy 
to  dress  the  beds  and  joints  accurately ;  on  the  contrary,  to  obtain  wbil 
are  termed  close  joints^  they  dress  the  joints  with  accuracy  a  few  inchei 
only  from  the  outward  surface,  and  then  chip  away  the  stone  towards  tbs 
back,  or  tail,  so  that,  when  the  block  is  set,  it  will  be  in  contact  with  (hi 
adjacent  stones,  only  throughout  this  very  small  extent  of  bearing  sor^Ma 
This  practice  is  objectionable  under  every  point  of  view  ;  for,  in  the  fiist 
place,  it  gives  an  extent  of  bearing  surface,  which,  being  generally  inade- 
quate to  resist  the  pressure  thrown  on  it,  causes  the  block  to  splinter  off  i^ 
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it ;  and  in  the  second  place  to  give  the  block  its  proper  set,  it  has 
ropped  beneath  by  small  bits  of  stone,  or  wooden  wedges,  an  op- 
termed  pinning-upj  or  under-pinning,  and  these  props,  cansuig  the 
e  on  the  block  to  be  thrown  on  a  few  points  of  the  lower  sarfi.ce, 
of  being  equally  diffased  over  it,  expose  the  stone  to  crack, 
in  the  facing  is  of  cut  stone,  and  backing  of  rubble,  the  method  of 
g  off  the  block  may  be  allowed  for  the  purpose  of  forming  a  better 
etween  the  rubble  and  ashlar ;  but,  even  in  this  case,  the  block 
be  dressed  true  on  each  joint,  to  at  least  one  foot  back  from  the 
[f  there  exists  any  cause,  which  would  give  a  tendency  to  an  ont- 
brust  from  the  back,  then,  instead  of  thinning  off  all  the  blocks 
3  the  tail,  it  will  be  preferable  to  leave  the  tails  of  some  thicker  than 
ts  which  are  dressed. 
.    Bond, — Various  methods  are  used  by  builders  for  the  bond  of  cut 

The  system,  termed  headers  and  stretchers,  in  which  the  vertical 
•f  the  blocks  of  each  course  alternate  with  the  vertical  joints  of  the 

above  and  below  it,  or  as  it  is  termed  break  joint  with  them,  is 
Bt  simple,  and  offers  in  most  cases,  all  requisite  solidity.  In  this 
,  the  blocks  of  each  course  are  laid  alternately  with  their  greatest 
st  dimensions  to  the  face  of  the  wall :  those  which  present  the  long- 
lension  along  the  face,  are  termed  stretchers ;  the  others,  headers. 
leader  reaches  from  the  face  to  the  back  of  the  wall,  it  is  termed  a 
;;  if  it  only  reaches  part  of  the  distance,  it  is  termed  a  hinder.  The 
.  joints  of  one  course  are  either  just  over  the  middle  of  the  blocks 
next  course  below,  or  else,  at  least  four  inches  on  one  side  or 
ler  of  the  vertical  joints  of  that  course ;  and  the  headers  of  one 
rest  as  nearly  as  practicable  on  the  middle  of  the  stretchers  of  the 
beneath.  If  the  backing  is  of  rubble,  and  the  facing  of  cut  stone, 
m  of  throughs  or  binders,  similar  to  what  has  just  been  explained, 
^variably  be  used. 

the  arrangement  here  described,  the  facing  and  backing  of  each 
are  well  connected ;  and,  if  any  unequal  settling  takes  place,  the 
I  joints  cannot  open,  as  would  be  the  case  were  they  in  a  continued 
na  the  top  to  the  bottom  of  the  mass ;  as  each  block  of  one  course 
3  the  ends  of  the  two  blocks  on  which  it  rests  in  the  course  beneath. 
'^s  or  comer  stones,  which  should  be  of  large  size  and  chosen  with 
'  care,  are  at  once  headers  and  stretchers :  each  quoin  being  a  header 
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Tdatirelj  to  one  of  the  two  faces  of  the  building  which  it  connectSy  and  s 
stretcher  relatively  to  the  other. 

31L  Cramps  and  Dcwtla, — In  masses  of  cut  stone  exposed  to  violent 
shocks,  as  those  of  which  light-hoD&es,  and  sea-walls  in  verj  exposed  posi- 
tions are  formed,  the  blocks  of  each  course  require  to  be  not  only  very 
firmly  united  with  each  other,  but  also  with  the  courses  above  and  below 
them.  To  effect  this,  various  means  have  been  used.  The  beds  of  one 
course  are  sometimes  arranged  with  projections  which  fit  into  correspond- 
ing indentations  of  the  next  course.  Copper  Cramps  in  the  form  of  the 
letter  8,  or  in  any  other  shape  that  will  answer  the  purpose  of  giving  them 
a  firm  hold  on  the  blocks,  are  let  in  to  the  top  of  two  blocks  of  the  same 
course  at  a  vertical  joint,  and  are  firmly  set  with  melted  lead,  or  with  bolts, 
80  as  to  confine  the  two  blocks  together.  Holes  are,  in  some  cases,  drilled 
through  several  courses,  and  the  blocks  of  these  courses  are  connected  by 
■trong  bolts  fitted  to  the  holes. 

Stones  are  said  to  be  joggled  together  when  a  projection  is  worked  out 
on  one  stone  to  fit  into  a  corresponding  hole  or  groove  in  the  other  {set 
figure).     But  this  occasions  great  labor  and  waste  of  stone, 
1^         and  dowel-joggles  are  chiefly  made  use  of,  which  are  hard 
pieces  of  stone,  cut  to  the  required  size,  and  let  into  cor- 
responding mortices  in  the  two  stones  to  be  joined  together. 

Dowels  are  pins  of  wood  or  metal  used  to  secure  the  joints  of  stone-work 
in  exposed  situations,  as  copings,  pinnacles,  &c.  The  best  material  is 
copper ;  but  the  expense  of  this  metal  causes  it  to  be  seldom  used.  If 
iron  be  made  use  of,  it  should  be  thoroughly  tinned  to  prevent  oxida- 
tion, or  it  will,  sooner  or  later,  burst  and  split  the  work  it  is  intended  to 
protect. 

Dowels  are  often  secured  in  their  places  with  lead  poured  in  from  above, 
through  a  small  channel  cut  in  the  side  of  the  joint  for  that  purpose ; 
but  a  good  workman  will  eschew  lead,  which  too  often  finds  its  way  into 
bad  work,  and  will  prefer  trusting  to  very  close  and  workmanlike  joints, 
carefully  fitted  dowels,  and  fine  mortar ;  dowels  should  be  made  tapering 
at  one  end,  which  ensures  a  better  fit,  and  renders  the  setting  of  the  stone 
more  easy  for  the  workman. 

Iron  cramps  are  used  as  fastenings  on  the  tops  of  copings,  and  in 
similar  situations ;  but  they  are  not  to  be  recommended,  as  they  are  very 
murighily,  and,  if  they  once  become  exposed  to  the  action  of  the  atmos- 


8T0KB  MABONRT.  825 

phere,  are  powerfully  destmctiye   agents.     Cast-iron  Is,  however,  less 
objectionable  than  wrougbt-iron  for  this  purpose. 

312.  Dressing  Stone. — The  manner  of  dressing  stone  belongs  to  the 
stone>cutter*8  art,  but  the  engineer  should  not  be  inattentive  either  to  the 
accuracy  with  which  the  dressing  is  performed,  or  the  means  employed  to 
effect  it.  The  tools  chiefly  used  by  the  workman  are  the  chisel,  axe,  and 
hammer  for  knotting.  The  usual  manner  of  dressing  a  surface,  is  to  cut 
draughts  around  and  across  the  stone  with  the  cbisel,  and  then  to  use  the 
chisel,  the  axe  with  a  serrated  edge,  or  the  knotting  hammer,  to  work 
down  the  intermediate  portions  into  the  same  surface  with  the  draughts. 
In  performing  this  last  operation,  the  chisel  and  axe  should  alone  be  used 
for  soft  stones,  as  the  grooves  on  the  surface  of  the  hammer  are  liable  to 
become  choked  by  a  soft  material,  and  the  stone  may  in  consequence  be 
materially  injured  by  the  repeated  blows  of  the  workman.  In  hard  stones 
tbis  need  not  be  apprehended. 

The  finely  grained  stones  are  usually  brought  to  a  smooth  face,  and 
rubbed  with  sand  to  produce  a  perfectly  even  surface. 

In  working  soft  stones,  the  surface  is  brought  to  a  smooth  face  with 
the  drag^  which  is  a  plate  of  steel,  indented  on  the  edge  like  the  teeth 
of  a  saw,  to  take  off  the  marks  of  the  tools  employed  in  shaping  it. 

The  harder  and  more  coarsely  grained  stones  are  generally  tooUd^  that 
is,  the  marks  of  the  chisel  are  left  on  their  face.  If  the  furrows  left  by 
the  chisel  are  disposed  in  regular  order,  the  work  is  said  to  h^  fair-tooled^ 
but  if  otherwise,  it  may  be  random- tooled^  or  chiselled^  or  boasted^  or  points 
ed.  If  the  stones  project  beyond  the  joints,  the  work  is  said  to  be 
rusticated. 

Granite  and  gritstone  are  chiefly  worked  with  the  scabbling  hammer. 
In  massive  erections,  where  the  stones  are  large,  and  a  bold  effect  is 
required,  the  fronts  of  the  blocks  are  left  quite  rough,  as  they  come  out 
of  the  quarry,  and  the  work  is  then  said  to  be  quarry  pitched. 

It  what  manner  soever  the  faces  of  ashlar  stones  are  dressec^,  or  even 
should  they  bie  "  quarry-faced,"  there  ought  to  be  a  chisel-draught  round 
the  edges  of  the  face,  forming  sharp  and  straight  edges  with  the  chisel- 
draught  of  the  beds  and  joints,  in  order  that  the  stone  may  be  accurately 
set. 

313.  Scaffolding. — ^The  Scaffolding  used  for  stone-work  is  similar  to 
that  described  in  the  next  Chapter  for  brick- work,  except  that  it  is  doable, 


826 


aiONX   HABOBST. 


•ffoldrJ 


that  is  formed  irith  tvo  towb  of  standards  so  aa  to  be  totftllj  indepcador 
of  the  walls  for  support.  The  construction  of  scaffolds  with  roiuidpali 
lashed  nilh  cords,  has  lately  been  superseded  in  large  works  bj  a  Bjitarf 
scaffolding  of  square  timbers  connected  hj  bolts  and  dog-ir<»is. 

The  hoisting  of  the  materials  is  performed  from  these  seaffcddi 
means  of  a  trayelling  crane,  nhich  consists  of  a  double  trarellinfi 
liftge,  the  lower  one  running  on  a  tramway  formed  on  stont  sills  Ui  m 
the  top  of  two  pnrallel  rows  of  standards  ;  on  this  lower  carriig^  il 
placed  a  short  tramway,  laid  transversely  to  the  direc^on  of  tht  m 
of  standards  ;  a  Binaller  carriage  again  runs  on  these  rails  and  cnii. 
a  crab-winch  by  which  the  materials  are  raised;  by  the  combined  moiiM 
of  the  two  carriages,  the  lower  moving  along  the  line  of  standards  ad  fli 
upper  acro»B  it,  the  material  can  be  brought  with  great  ease  and  pRoil 
over  any  part  of  the  work  lying  between  the  two  rows  of  stAndardi. 

314.  Shears. — Smenton,  in  hie  published  account  of  the  operatiouil 
proceedings  during  the  building  of  the  Eddyslone  Light-house,  dewibBl 
most  excellent  form  of  shears,  that  is  simple  and  admirably  smtcdttft* 
moving  and  placing  of  iieavy  stones  on  walls,  or  other  bnildiogi.  Bed' 
sists  of  a  heavy  block  of  timber  A,  and  two  spars  i,  i,  disposed  in  Dit  tM 
shown  below;  the  bottom  piece  h  is  square,  and  may  be  from  12  to  IS  W 
long,  and  shonH  be  sound  and  hard.     The  abcara  consist  of  the  tvD  iptf* 


t ,  >',  V  hich  may  be  round,  tapering,  and  as  long  as  tiiey  can  be  conv^ 
obtaine  J,  say  from  28  to  30  feat.    Thoir  loner^ends  are  connected  « 
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bottom  piece,  h,  by  two  very  strong  iron  eyes  or  links,  loose  enough  to  per- 
mit motion,  while  their  upper  ends  meet,  and  are  connected  by  the  strong 
iron  pin  k,  which  passes  through  both  of  them,  and  also  serves  to  support 
the  top  hook  of  the  blocks  and  fall  I,  the  running  rope  of  which  passes 
downwards  from  the  upper  block,  and  takes  a  course  dose  to  one  of  the 
poles,  and  is  passed  through  the  snatch  block  m,  fixed  to  the  bottom  piece 
hj  and  to  this  rope  the  workmen  apply  their  strength  immediately,  or 
through  the  agency  of  a  crab,  or  windlass,  according  to  the  force  to  be 
overcome.  The  central  point  of  the  horizontal  piece  h,  is  marked  on  its 
top,  at  the  point  to  which  the  bottom  block  would  descend,  when  the 
piece  is  set  truly  level. 

To  use  this  apparatus,  the  bottom  or  foundation  piece  h  is  set  truly 
level  upon  hard  ground,  or  is  supported  on  piles   or  timber   skids,   if 
the  ground  is  not  hard  enough  to  sustain  the  load ;  and  the  spars  are 
retained  in  their  vertical  or  other  required  position,  by  two  sets  of  run- 
ning blocks  and  falls,  pulling  in  opposite  directions,  and  at  right  angles  to 
the  direction  of  the  length  of  the  foundation  piece  h,  as  may  be  better  seen 
in  the  perspective  view  of  the  same  machine  as  fixed  for  use.     The  upper 
ends  of  the  guy  tackle  are  attached  to  the  tops  of  the  spars,  and  their 
lower  ends  to  strong  posts  fixed  in  the  ground,  or  to  stumps  of  trees,  parts 
of  buildings,  or  anything  that  will  afford  stability.     Then  by  lowering  out 
the  fall  n,  and  tightening  that  at  o,  the  shears  may  be  made  to  incline  or 
bend  over,  as  shown  in  the  figure,  until  the  bottom  block  p  hangs  directly 
over  a  stone,  r,  that  has  to  be  lifted,  and  thus  this  stone  may  be  taken  off 
the  ground,  and  raised  to  any  required  height,  by  the  principal  blocks  and 
fall,  p  L     That  done,  the  guy  fall  o  is  slacked  while  n  is  tightened,  so  that 
the  shears  are  first  brought  into  a  vertical  position,  and  afterwards  allowed 
to  turn  over  or  incline  to  the  other  side,  as  shown  by  the  dotted  lines  q  q, 
when  the  sustaining  force  will  be  transferred  to  the  guy  fall  o,  and  n  will 
become  useless ;  and  in  this  way  a  stone  may  be  brought  from  the  ground 
upon  which  it  was  worked,  directly  over  the  place,  «,  in  the  wall  in  which  it 
has  to  be  deposited,  without  disengaging  it  at  all  from  the  block  by  which 
it  was  first  lifted,  and  without  hand-barrows,  or  any  trouble  whatever. 

To  insure  the  delivery  of  the  stone  into  its  proper  place  by  this  machine, 
a  line  must  be  strained  from  the  centre  of  the  stone  to  be  moved,  to  a  point 
perpendicularly  under  the  centre  of  the  place  in  which  the  stone  has  to  be 
placed,  and  the  foundation  piece,  h^  of  the  shears  must  be  moved  until  its 
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central  marked  point,  t,  falls  under  the  line,  while  the  length  of  thepienii 
at  right  angles  to  it ;  the  foundation  piece  mast  then  be  fixed  in  tiiii  porip 
tion  by  driving  short  stakes  round  it  into  the  ground,  and  then  the  i^ips 
end  of  the  shears  in  moving,  will  describe  an  arc  of  a  circle  o  v,  the  plaaetl 
which  will  pass  through  the  centre  of  the  stone,  and  the  centre  of  tiie  M 
or  position  in  which  it  is  to  be  placed. 

816.  Derrick, — The  movable  derrick  crane  is  also  much  nied  in  hU 
ting  masons*  work.  It  consists  of  a  vertical  post,  supported  bj  twotiate 
backstays,  and  a  long  movable  jib  or  derrick  hinged  against  the  poit 
below  the  gearing. 

By  means  of  a  chain  passing  from  a  barrel  over  a  pnllej  at  the  top  d 
the  post,  the  derrick  can  be  raised  from  a  horizontal  to  an  almost  vertied 
position,  thus  enabling  it  to  command  every  part  of  the  area  of  a  diele  of 
a  radius  nearly  equal  to  the  length  of  the  derrick.  This  gives  it  a  gmt 
advantage  over  the  old  gibbet  crane,  which  only  commands  a  circle  of  s 
fixed  radius,  and  the  use  of  which  entails  great  loss  of  time  from  its  eoa- 
stantly  requiring  to  be  shifted  as  the  work  proceeds. 

816.  In  the  American  derrick  represented  in  the  figure,  the  mast  ii 
supported  in  a  vertical  position  by  four  guys  attached  to  a  ring  on  a  cm^ 
iron  cap  on  its  head.  Below  this  ring,  and  revolving  freely  upon  the  etp, 
is  a  wrought-iron  frame  containing  two  sheaves  of  cast-iron.  The  lowv 
part  of  the  mast  is  rounded  above  a  shoulder.     A  revolving  frame  of  wood, 


embracing  the  mast  and  carrying  two  rope- barrels  with  gearing  and 
winches,  rests  upon  the  shoulder.     The  boom  is  stepped  into  the  upper 
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of  this  frame,  and  a  light  pktform  for  the  winch-men  is  secured  to  the 

lower  part,  so  that  boom,  platform,  and  winches,  all  revolve  together  round 

^lie  mast.     Booms  50  feet  in  length  are  commonly  used ;  the  outer  end  is 

jBopported  bj  a  topping-lift  secured  to  the  revolving  iron  frame  on  the  cap 

the  head  of  the  mast. 

Two  tackles  are  used,  one  suspended  at  the  outer  end  of  the  boom,  the 
to  the  frame  at  the  mast-head.     Both  falls  lead  over  the  sheaves  at 
mast  head,  and  thence  to  the  winch-barrels.    The  lower  blocks  of  the 
^'.;.tedde8  are  attached  to  two  comers  of  a  triangular  plate,  the  third  carrying 
jA  hook,  as  seen  in  the  figure.     It  will  be  evident,  that  by  hauling  upon  or 
■lacking  the  falls  alternately,  the  stone  suspended  from  both  can  be  placed 
at  the  foot  of  the  mast  or  under  any  point  of  the  boom ;  and  as 
the  latter  revolves,  any  point  within  a  circle  whose  radius  equals  the  boom 
can  be  reached. 

The  foot  of  the  mast  is  usually  raised  upon  a  blocking  of  timber,  some 
.■light  braces  sufficing  to  prevent  the  step  from  sliding.  Three  50  feet 
booms  placed  so  that  their  circles  intersect,  will  place  every  stone  in  a  large 
huilding,  or  a  sea-wall  300  feet  long.  A  word  or  sign  to  the  winch-men 
aerres  to  direct  them,  and  the  stone  moves  to  its  place  with  the  utmost 
precision,  and  as  gently  and  quietly  as  a  feather. 

An  American  derrick  was  used  to  lay  the  6-ton  concrete  blocks  for 
the  coffer-dam  at  the  Light-house  on  the  '^Prongs"  (Bombay).  The 
platform  was  made  to  rest  on  cannon  balls,  which  allowed  it  to  revolve 
easily.     Mast  about  70  feet  high,  jib  about  45  feet. 

In  long  sea  walls,  an  excellent  means  of  laying  the  stones  of  the  ashlar 
lacing  is  to  have  a  hollow  truck  running  on  rails,  with  a  frame  over 
it  from  which  the  stone  is  lowered  between  the  rails  by  a  Weston 
block. 

317.    Lewis. — In  hoisting  blocks  of  stone  they  are  attached  to  the 

tackle  by  means  of  a  simple  contrivance  made 
of  iron,  and  called  a  lewiSj  which  is  shown  in 
the  annexed  figure. 

A  hole  tapering  upwards,  about  3  inches 
deep  having  been  cut  in  the  upper  surface 
of  the  stone  to  be  raised,  the  two  tapering 
side  pieces,  a,  a,  of  the  lewis  are  inserted, 
and  placed  against  the  sides  of  the  hole ;  the 
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centre  parallel  piece,  J,  is  then  inserted,  and  secured  in  its  place  by  m 

pin,  p,  passing  through  all  tliree  pieces,  and 
the  ends  of  a  loop,  /,  which  embraces  their 
heads.  Tlic  stone  may  be  then  safely  hoisted 
by  the  loop  /,  as  it  is  impossible  for  the  lewis 
to  draw  out  of  the  hole.  By  means  of  the 
lewis,  in  a  slightly  altered  form,  as  shown  in 
figure,  stones  can  he  lowered  and  set  under 
water  without  difficulty,  and  the  lewis  disengaged  by  means  of  a  lino 
attached  to  the  parallel  piece  b  the  removal  of  which  allows  the  other  to 

bo  drawn  out  of  the  mortice.  The  next 
figure  shows  a  substitute  for  a  lewis,  con- 
sisting of  two  pins  let  into  holes  which 
they  closely  fit,  sloping  towards  each 
other.  When  a  strain  is  applied  to  the 
lifting  chain,  these  pieces  jam  in  their 
places  and  support  the  weight  of  the 
stone. 

When  a  block  of  cut  stone  is  to  be 
laid,  the  first  point  to  be  attended  to,  is  to  examine  the  dressing,  which 
is  done  by  placing  the  block  on  its  bed,  and  seeing  that  the  joints  fit  close, 
and  the  face  is  in  its  proper  plane.  If  it  be  found  that  the  fit  is  not  accn- 
rate,  the  inaccuracies  are  marked,  and  the  requisite  changes  made.  Tlio 
bed  of  the  course,  on  which  the  block  is  to  be  laid,  is  then  thoroughly 
cleansed  from  dust,  &c.,  and  well  moistened  ;  a  bed  of  thin  mortar  is  laid 
evenly  over  it,  and  the  block,  the  lower  surface  of  which  is  first  cleansed 
and  moistened,  is  laid  on  the  mortar-bed  and  well  settled,  by  striking  it 
with  a  wooden  mallet.  When  the  block  is  laid  against  another  of  tho 
same  course,  the  joint  between  them  is  prepared  with  mortar  in  the  samo 
manner  as  the  bed. 

318.  Coursed  Rabble  Masonry  consists  of  a  series  of  horizontal 
courses,  not  less  than  6  inches  thick,  each  of  which  is  correctly  levelled 
before  another  is  built  upon  it ;  but  the  side-joints  are  not  necessarily 
vertical.  One-fourth  part  at  least  of  the  face  in  each  course  should  con- 
sist of  bond-stones  or  headers ;  each  header  to  be  of  the  entire  depth  of 
tho  course,  of  a  breadth  ranging  from  1}  times  to  double  that  depth,  and 
of  a  length  extending  in^  tlio  building  to  from  3  to  5  times  that  depth. 
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fis  in  ashlar.  These  headers  should  be  ronghly  squared  with  the  hammer, 
and  their  beds  hammer-dressed  to  approximate  planes ;  and  care  should 
be  taken  not  to  place  the  headers  of  successive  courses  above  each  other ; 
for  that  arrangement  would  cause  a  deficiency  of  bond  in  the  intermediate 
parts  of  the  course. 

Care  should  be  taken,  not  only  that  each  stone  shall  rest  on  its  natural 
bed,  but  that  the  sides  parallel  to  that  natural  bed  shall  be  the  largest, 
60  tliat  the  stone  may  lie  flat,  and  not  be  set  on  edge  or  on  end.  How- 
soever small  and  irregular  the  stones  may  be,  care  should  be  taken  to 
make  the  courses  break  joint.  Hollows  between  the  larger  stones  should 
be  carefully  filled  with  smaller  stones,  completely  imbedded  in  mortar. 

Coursed  rubble  masonry  requires  great  care  in  the  inspection  of  its 
progress,  to  see  that  the  preceding  rules  are  observed :  and  especially, 
that  the  interior  of  the  wall  contains  neither  empty  hollows,  nor  spaces 
filled  wholly  with  the  mortar  or  with  rubbish  where  pieces  of  stone  ought 
to  be  inserted,  and  that  each  stone  is  laid  flat,  and  on  its  natural  bed. 
Care  must  be  taken  that  the  headers  or  bond-stones  are  really  what 
they  profess  to  be,  and  not  thin  stones  set  on  edge  at  the  face  of  the  wall. 

319.  Common  Rabble  Masonry  differs  from  coursed  rubble  in 
not  being  built  in  courses ;  but  in  other  respects  the  same  rules  are  to 
be  observed.  The  resistance  of  common  rubble  to  crushing  is  not  much 
greater  than  tliat  of  the  mortar  which  it  contains ;  it  is,  therefore,  not  to 
be  used  where  strength  is  required,  unless  built  with  strong  hydraulic 
mortar.     Its  chief  use  in  engineering  is  for  fence  walls.* 

To  connect  the  parts  well  together,  and  to  strengthen  the  weak  points, 

throughs  or  binders  should  be  used  in  all  the  courses;  and  the  angles 
(or  quoins)  should  be  constructed  of  cut  or  hammered  stone. 

320.  The  following  is  the  specification  for  the  Ashlar  Stone-work 
used  on  the  Jnbbulpore  Branch  of  the  E.  I.  Railway,  and  will  be  found 
a  good  guide  for  similar  work  elsewhere: — 

Ashlar. — Will  be  of  two  kinds — 1st,  Smooth-faced  or  tooled  ashlar  ;  and  2nd, Fair 
broached  and  Kock-faced  ashlar,  with  or  without  a  chisel  draft  round  the  edges  :  the 
rock-facing  where  used,  not  to  project  more  than  2  inches  beyond  the  face  of  the 
chisel  draft  or  arris. 

It  is  proposed  to  use  but  a  limited  proportion  of  this  class  of  work,  which  will  be 
principally  confined  to  imposts,  bed  plates  for  girders,  springers,  string  courses  and 
copings,  and  occasionally  in  quoins  and  walling,  and  large  arches,  but  power  is  reserv- 
ed to  use  it  wherever  it  may  be  deemed  necessary. 

*  See  para.  4IK)  for  remarks  on  common  mbblo  liosoncy  as  usod  for  MoBonry  Dams. 
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T%iekn^u  of  Ashlar  Qntrtes,  and  general  arrangement, — ^No  course  of  ashlttr  to 
be  le»  than  8  inches  thick.  One- third  of  the  entire  length  of  each  coarse  to  be  head- 
ers. No  stone  to  be  less  than  2  feet  long,  and  when  the  thickness  of  the  coarse  does 
not  exceed  10  inches,  the  stones  most  not  be  less  than  15  inclics  on  the  bed.  Where 
the  thickness  of  the  ashlar  courses  exceeds  10  inches,  the  breadth  of  the  beds  will  not 
be  less  than  a  third  more  than  the  thickness  of  the  course. 

No  header  to  be  of  less  length  than  18  inches  in  excess  of  the  breadth  of  the  oonrse 
df  ashlar  to  which  it  belongs.  In  walls  np  to  3  feet  thick,  all  headers  to  be  throagfa 
•tones.  The  beds  and  joints  of  all  ashlar  stones  to  be  dressed  perfectly  true,  square 
and  full    No  hollow  beds  will  be  allowed. 

The  rertical  joints  in  all  cases  to  be  dressed  true  and  square  for  at  least  two-thirds 
of  the  breadths  of  the  beds  in  from  the  face  of  the  work. 

No  joint  to  exceed  three-sixteenths  of  an  inch  in  thickness. 

The  courses  to  be  arranged  with  as  much  uniformity  as  possible,  and  laid  perfectij 
horizontal,  the  lighter  courses  being  kept  towards  the  top  of  the  structure. 

The  rertical  joints  of  each  course  not  to  have  less  than  6  inches  lap  over  the  joints 
of  the  course  next  below.     The  work  to  be  thoroughly  well  grouted  after  ever}-  course. 

Ashlar  in  Copings. — The  coping  stone  will  as  a  rule  be  dowelled,  but  the  Engineer 
may  dispense  with  this  system  in  such  cases  as  he  may  deem  expedient. 

No  stones  in  the  ashlar  copings  to  be  less  than  2  feet  6  inches  long,  and  the  ex- 
posed surfaces  to  be  dressed  to  a  smooth  face. 

Large  Rough  Stone  Blocks. — It  may  be  necess8r\'  to  use  one  or  more  courses  of 
rough  stone  blocks  in  the  foundations  of  bridges  ;  such  blocks  to  be  only  quarr)*  scab- 
bled,  and  none  less  than  8  inches  thick,  or  less  than  8  square  feet  in  area.  These 
blocks  to  be  measured  half  as  ashlar,  half  as  rubble  ;  they  are  to  be  laid  in  mortar, 
and  great  eare  is  to  be  taken  that  they  rest  evenly  on  their  bed& 

32L  The  following  is  a  very  good  specification  for  Stone  Masonry, 
drawn  up  bj  Mr.  G.  Campbell,  G.  E.,  when  Superintending  Engineer  in  the 
Central  Provinces,  for  nse  in  the  Jubbulpore  Circle  : — 

As  mnch  confusion  is  caused  by  Engineers  and  stpne-masons  attaching  widely 
different  meanings  to  such  words  as  "  rubble,"  **  block-in-course,'*  &c.,  the  use  of  such 
terms  will  be  discontinued,  and  the  stone  work  in  the  Jabalpur  Circle  will  always  be 
specified  under  one  of  three  heads,  viz.,  ordinary  stone  work,  coursed  stone  work,  and 
dressed  stone. 

Ordinary  stone  work, — ^No  stone  will  be  less  than  5  inches  thick,  nor  will  it  contain 
less  than  three-eighths  of  a  cubic  foot  The  largest  stones  will  be  selected  for  the 
face  ;  thpy  will  be  set  flush  in  mortar,  headers  and  stretchers  alternately,  the  former 
projecting  at  least  5  inches  beyond  the  latter.  Every  sixth  header  in  walls  np  to  2| 
feet  thickness  will  be  a  through  stone,  and  in  walls  beyond  that  thickness  will  be 
2|  feet  long.  The  interior  will  be  filled  in  with  good  stones  set  as  close  as  possible, 
well  flushed  in  mortar,  the  interstices  being  closely  packed  with  sound  spalls.  The 
work  will  be  brought  to  a  level  bed  every  1 8  inches,  grouted  and  made  perfectly 
solid. 

A  layer  of  flat  stones,  extending  the  whole  breadth  of  the  wall,  will  be  laid  at  in- 
tervals of  6  feet  in  height,  and  specially  at  the  floor  line  and  under  all  girders  and 
roof  trusses. 
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In  arches,  the  faces  of  the  stones,  will  bo  dressed  to  fit  the  centre,  and  the  bed  joints 
will  be  properly  summered  ;  the  end  of  the  face  stones  will  also  bo  drcsocd.  All 
qnoins  and  jambs  will  l>e  hammer-dressed  on  the  beds  and  face,  so  as  to  set  level  and 
show  a  clean  arris.     Good  Si^uare  stones  should  be  sclocted  for  them. 

Coursed  atone  work. — The  face  stones  will  be  set  in  regular  conrses,  uniform  in 
thickness  throughout ;  no  course  to  be  less  than  6  inches  thick,  and  to  be  as  much 
thicker  as  the  quarry  will  })ermit.  No  stone  to  be  le£s  than  9  inches  broad  on  the 
bed,  or  to  be  greater  in  thickness  than  in  breadth  of  bed.  The  backs  to  bo 
left  rough  as  quarried,  the  tnd  joints  being  hammer-dressed  square  with  the  face. 
Vertical  joints  to  have  at  least  3  inches  lap  over  the  joint  below;  the  conrses  to  be 
arranged  with  as  much  uniformity  as  possible,  the  narrower  being  kept  towards  tho 
top  of  the  structure,  and  the  wider  ones  towards  the  bottom. 

English  or  Flemish  bond  may  be  used  at  the  discretion  of  the  Executive  Engineer. 
The  headers  shall  always  project  at  least  7  inches  beyond  the  stretchers  and  at  in- 
tervals of  G  feet  or  thereabouts  they  shall  run  right  through  the  wall  where  the 
thickness  does  not  exceed  3  feet,  or  2\  feet  into  it  when  it  exceeds  that  thickness. 
The  through  stones  in  any  one  course  will  come  half  way  between  those  in  the  courso 
below. 

The  rubble  backing  will  bo  similar  in  quality  to  that  above  specified  for  ordinary 
stone  work. 

The  arches,  quoins,  jambs,  &c,  will  be  as  specifie<l  f«)r  ordinary  stone  work. 

Dre8$ed  stone  will  only  occasionally  be  requireil  in  the  steps,  mouldings,  and  cor* 
nices  of  buildings ;  or  in  the  imposts,  string  courses,  and  coping  of  bridges  and  cul- 
verts. All  beds  and  joints  will  be  worked  true  and  S(|uare,  and  no  hollow  beds  will 
be  allowed.  The  face  will  have  a  chisel  draft  1  inch  wide  run  all  round,  tho  portion 
within  the  draft  being  picked  or  punched,  or  it  may  be  left  rock-faced,  at  the  option  of 
the  Executive  Engineer.  The  upper  surface  of  copings  and  all  weather  tables  will 
be  neatly  tooled.  All  sills  and  projections  will  be  properly  throated,  all  keystones 
and  arch  voussoirs  will  be  carefully  and  accurately  summered.  Where  solid  stone  steps 
are  required  both  the  face  and  tread  will  be  neatly  tooled. 

All  mouldings  will  be  worked  to  templates  cut  out  of  sheet  zinc  All  copings  will 
be  dowelled  or  cramped  ;  and  the  courses  of  pillars,  also  all  skew-backs  and  similar 
members,  will  be  joggled  on  to  thQ  stone  below.  Bed  joggles  will  be  made  of  tho 
hardest  stone  procurable,  and  shall  be  strong  and  substantial.  They  will  bo  set  with 
pure  lime  ground  fine  into  a  paste.  Dowels  and  cramps  will  be  of  stone  or  copper, 
also  set  in  lime.  Iron  cramps  shall  not  be  used,  as  sooner  or  later  they  split  the  stono 
in  which  bedded. 

Stone  covers  to  flat-topped  culverts  (or  soughs)  will  be  of  good  square  blocks,  3 
inches  in  thickness  to  every  foot  of  void  spanned  by  them.  The  sides  will  be  dressed 
square  with  the  hammer,  so  that  they  may  fit  closely  together  without  interstices. 
Where  necessary  they  will  have  a  layer  of  brickwork  or  concrete  set  over  them,  so  as 
to  keep  the  earth  from  falling  through  and  causing  holes  in  the  metalled  surface. 


CHAPTER    XVII. 

BRICK  MASONRY. 

322.  With  good  bricks  and  mortar,  this  kind  of  tnasoniy  is  qnite  as 
durable,  if  not  so  strong,  as  ordinary  stonework,  while  it  is  general! j  more 
economical.  In  native  stracturcs  built  with  small  bricks  and  a  profose 
expenditure  of  the  best  mortar,  the  strength  of  brick  masonry  is  gene- 
rally quite  independent  of  the  bond,  but  with  the  larger  bricks  now  in 
general  use,  the  bond  should  receive  as  much  attention  as  in  stone  mt- 
sonry. 

Bond. — The  great  art  in  bricklaying  is  to  preserve  and  maintain  a  bond,   : 
to  have  every  course  perfectly  horizontal,  both  longitudinally  and  transrerw- 
ly,  and  peifectly  plumb ;  which  last,  however,  may  not  mean  upright,  thoi^ 
that  is  the  general  acceptation  of  the  term,  for  the  plumb-rule  may  be 
made  to  suit  any  inclination  that  it  is  wished  the  wall  may  haye,  as  inwud 
against  a  bank,  for  instance,  or  in  a  tapering  tower ;  and  also  to  make  tbt 
vertical  joints  recur  perpendicularly  over  each  other.     By   bond  in  brick- 
work, is  intended  that  arrangement  which  shall  make  the  bricks  of  every 
course  cover  the  joints  of  those  in  the  course  below   it,  and  so  tend  to 
make  the  whole  mass  or  combination  of  bricks  act  as  much  together,  or 
dependently  one  upon  another,  as  possible.     The  object  of  this  will  be  un- 
derstood by  reference  to  Plate   XLIV.,  Fig.  1.      Here  it   is  evident, 
from  the  arrangement  of  the  bricks,  that  any  weight  placed  on  a  would 
be  carried  down  and  borne  alike  in  every  course  from  h  to  c  ;   in  the  same 
manner  the  brick  d  is  up  borne  by  every  brick  in  the   line  ef\  and  so 
throughout  the  structure.      But  this  forms  a  longitudinal    bond  only, 
which  cannot  extend  its  influence  beyond  the  width  of  the  brick ;  and  a  wall 
of  one  brick  and  a  half  or  two  bricks  thick,  built  in  this  manner,  would  in 
effect,  consist  of  three  or  four  half-  brick-thick  walls,  acting  independent- 
ly of  each  other,  as  shown  in  the  plan  at  t.     If  the  bricks  were  turned 
60  as  to  show  their  short  sides  or  ends  in  front,  instead  of  their  long  ones. 
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certainly  n  compact  wall  of  a  whole  brick  in  thickness  would  bo  produced; 
but  the  longitudinal  bond  would  bo  shortened  one-half,  as  at  ^  c  A,  and  a 
wall  of  any  greater  thickness,  in  the  same  manner,  must  be  composed 
of  so  many  independent  one-brick  walls,  as  at  k,  in  the  plan  before  re- 
ferred to.  To  obviate  this,  to  produce  a  transverse,  and  yet  preserve  a 
good  longitudinal,  bond,  the  bricks  are  laid  in  alternate  courses  of  headers 
and  stretchers,  or  of  ends  and  sides,  as  shown  in  Fig.  2,  thus  combining 
the  advantages  of  the  two  modes  of  arrangement  a  b  c  and  g  c  h.  Fig. 
1,  ill  a  b  c,  Fig.  2,  Each  brick  in  Fig.  2  showing  its  long  side  in  front, 
or  being  a  stretcher,  will  have  another  lying  parallel  to  it,  and  on  the  same 
level,  on  the  other  side,  to  receive  the  other  ends  of  the  bricks  showing 
as  headers  in  front,  which  in  their  turn  bind,  by  breaking  the  joint 
between  them,  as  shown  in  the  end  of  such  a  wall  at  d.  Thus  a  well- 
bonded  nine-inch  or  one  brick  ♦  wall  is  produced.  The  end  elevations  of 
walls,  e  and/,  show  how  the  process  of  bonding  is  pursued  in  walls  of  one 
and  a  half  and  two  bricks  thick,  the  stretcher  being  abutted  in  the  same 
course  by  a  header;  thus,  in  a  fourteen-iftch  wall  inverting  the  appearance 
on  the  opposite  sides,  as  seen  at  e,  and  producing  the  same  appearance  in 
an  eigh teen-inch  wall,  as  at/. 

323.  English  Bond. — In  the  same  Plate,  under  Fig.  2,  at  g,  is  the 
plan  of  a  fourtecn-inch  wall,  showing  the  headers  on  one  side  and  the 
stretchers  on  the  other,  and  at  h  is  the  plan  of  the  course  immediately 
above  it,  in  which  the  headers  and  stretchers  are  inverted  ;  at  k  and  t  are 
shown,  in  the  same  manner,  the  plans  of  two  courses  of  an  eighteen- inch 
wall.  This  is  called  English  bond.  Thicker  walls  are  constructed  in  the 
same  manner  by  the  extension  of  the  same  principle. 

But  a  brick  being  exactly  half  its  length  in  breadth,  it  is  impossible, 
commencing  from  a  vertical  end  or  angle,  to  make  a  bond  with  whole 
bricks,  as  the  joints  must  of  necessity  fall  one  over  the  other.  This  diffi- 
culty is  obviated  by  cutting  a  brick  longitudinally  into  two,  or  transversely 
into  four,  equal  parts,  making  half  headers.  One  of  these  is  placed  next 
to  a  whole  header,  inward  from  the  angle,  and  forms  with  it  a  three-quar- 
ter length  between  the  stretchers  above  and  below,  thus  making  a  regular 
overlap,  which  may  then  be  preserved  throughout:  these  half  headers 
are  technically  termed  closers,  A  three-quarter  stretcher  is  obviously  as 
available  for  this  purpose  as  a  half  header,  but  the  latter  is  preferred, 

*  English  Bizcd  bricks  ore  hero  meant. 
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bccansOy  by  ilio  nse  of  it,  nniformitj  of  appearance  is  prcsenredy  and  vUi 
bricks  are  retained  on  the  qnoins  or  angles.     In  walls  of  almost  all  Uikk* 
ncsses  above  nine  inches,  to  preserve  the  transverse,  and  yet  not  destnf 
the  longitudinal  bond,  it  is  frequently  necessary  to  nso  half  bricks;  M' 
it  becomes  a  question  whether  more  is  not  lost  in  the  general  firmnca 
and  consistence  of  the  wall  by  that  necessity,  than  is  gained  in  the  ui 
formity  of  the  bond.     It  may  certainly  be  taken  as  a  general  mle,  tti|j 
a  brick  should  never  be  cut  if  it  can  be  worked  in  whole,  for  a  new  joiniiij 
thereby  created  in  a  construction,  the  difficulty  of  which  consists  in  obviiPi 
ting  the  debility  arising  from  the  constant  recurrence  of  joints.     Great  A- 
tention  should  be  paid  to  this,  especially  in  the  quoins  of  bnildingi,  ii 
which  half  bricks  most  readily  occur ;  and  there  it  is  not  only  of  coim- 
quence  to  have  the  greatest  degree  of  consistence,  but  the  qoarter  bzicks 
nsed  as  closers  are  already  admitted,  and  the  weakness  consequent  on  tbaf 
admission  would  only  be  increased  by  the  use  of  other  batts,  or  fragmeitl 
of  bricks. 

324.     The  accompanying  woodcuts  show  in  fuller  detail  the  Taiioil 
Fig,  1.  modes  of  arranging  bricks  in  £■(• 

lish  Bond,  where  one  wall  meets  a* 
other  at  right  angles,  ^i^.  1  shows  tti 
section  of  a  superstmctore  wall,  I 
brick  thick,  carried  on  a  fonndsliia 
wall,  1^  biicks  thick.  Fig,  2  shon 
the  arrangement  of  the  lowest  coaiw 
in  the  superstructure :  a  half  brick 
header  on  one  side  and  a  half-brick  stretcher  on  the  other  side  being  mi 
as  closers  to  prevent  the  joints  co-inciding  with  those  of  the  course  abota 

Fig.  3. 


Fig.  2. 


1 


In  Fig.  3,  the  second  course  of  ihc  superstructure  is  shown,  and  tie  i^ 
rangement  on  each  side  is  reversed. 

It  will  be  observed  that  in  each  stretcher  coui'se,  the  longituJiai//a(^ 
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afamoai  thnnghoot  the  whole  length  of  waU.     F^.  4  and  fi  abow 
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ber  alightlf  differant  mode  of  «rr«ngmg  the  bricka  in  their  two  cotines ; 
hich  the  mtmber  of  cioiert  in  each  coarse  at  the  qnoin  is  rednced  from 
to  <ms. 
!i^6aiid7illiistn(eth6  alternate  courseof  the  foondation  in  the  wall 
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•D  in  Fig.  I.  Here  also  half  and  three-qnarter  battt  are  nsed  as 
en  to  break  the  contintutj  of  both  the  horizontal  and  Tertical  joints. 
rill  be  obaeired  that  in  each  of  these  conraeB  one-tixtk  of  the  bricks  an 
'  bricks,  tbufl  enabling  the  builder  to  utilize  the  broken  bricks,  a  sam- 
cX  which  most  be  expect«d  to  occor  in  every  cart  load  brought  to  the 
ks  from  the  kilns.  Three  continuooa  longitodinal  joints  extend 
■Qg:boiit  each  stretcher  conrse.  Another  arrangement  of  the  bricks  in 
le  Bame  coarses  ia  shown  in  Figt.  8  and  9 :  where  the  nae  of  half  bricks 
Fig.  9. 


— 

Fi).  8. 

1         1 

ttqit  as  closers  at  the  conrsea)  is  entirely  obviated.  The  number  of 
nti  ig  thereby  diminished,  and  the  work  consequently  rendered  some- 
Kt  itronger,  bat  the  opportunity  of  ntilizing  the  inevitable  proportion 
bU  bricks  in  the  supply  from  kilos  ia  lost.     It  will  depend  npon  cir- 
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oomstuiceB  which  arrangement  tbe  boOder  will  in  ererj  p 
find  most  expedient  to  adopt. 

If  the  fonndationa  are  2  biiclcs  thick,  the  sapetstrnctara  1}  Ml 
thick,  the  arrangement  most  be  modified.    A  cross  section  of  toA  s  p 


Fig.  10. 


is  shown  in  ^t^.  10:  andforUMa^ 
stnictiire  the  bond  of  taA  lUaal 
course  maj  be  as  in  figi.  6  snd  7,*| 
in  Figs.  8  and  9,  previouslj  deniU' 
For  the  thicker  fonndatioii  taa^ 
the  arrangement  shown  in  FifL  0 
and  12  waj  be  adopted :  whoa  dtM 
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tical  joints  being  continnons.     Herein  each  course OTi«-«ijA(i  of  tlwhidl 
are  half-bricks,  enabling  broken  briclcB  to  be  uUlized.    In  this  owgi- 
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throngbout  its  length :  bat  ibere  is  no  continaoas  longitudinal  joint  in  the 
header  course. 

If  the  number  of  broken  bricks  is  T^ry  small,  and  their  use  is  objected 
to,  the  arrangement  shown  in  Figs.  13  and  14  can  be  adopted,  where 
no  half-bricks  occur  except  at  the  comer  of  each  course  or  closer.  Here 
the  continuous  longitudinal  joints  are  reduced  to  two  in  the  stretcher 
course  but  one  such  joint  is  introduced  into  the  header  course.  The  lat- 
ter arrangement,  as  having  fewer  joints,  is  the  strongest.  The  stretcher 
coarse  is  not  in  fact  a  true  case  of  English  bond,  but  includes  a  Flemish 
bond,  one-brick,  course  between  two  centre  face-line  of  stretchers. 

325.  Flemish  bond. — This  second  mode  of  bonding  brickwork,  which 
may  be  supposed  to  have  arisen  from  the  appearance  of  the  ends  of  a  wall 
according  to  the  former  mode  of  arrangement  {see  e  and  /,  Fig.  2,  Plate 
XLIY.),  instead  of  placing  the  bricks  in  alternate  courses  of  headers  and 
stretchers,  places  headers  and  stretchers  alternately  in  the  same  course.  Fig. 
3.  The  plans  below  this  at  c  and  d  are  of  two  courses  of  a  fourteen  inch 
wall,  with  their  bond,  showing  in  what  manner  the  joints  are  broken  in  the 
wall  horizontally  as  well  as  vertically  on  its  face.  This  is  called  Flemish 
bond.  Closers  are  used  equally  in  English  and  Flemish  bond,  in  the  same 
manner,  and  for  the  same  purpose ;  half  bricks  also  will  occur  in  both,  but 
what  has  been  said  with  reference  to  the  use  of  them  in  the  former,  applies 
even  with  more  force  to  the  latter,  for  they  are  more  frequent  in  Flemish 
than  in  English,  and  its  transverse  tie  is  thereby  rendered  less  strong. 
Their  occurrence  is  a  disadvantage  which  every  care  should  be  taken  to 
obviate.  The  arrangement  of  the  joints,  however,  in  Flemish  bond,  pre- 
senting a  neater  appearance  than  that  of  English  bond,  it  is  generally 
preferred  for  external  walls  when  their  outer  faces  are  not  to  be  covered 
with  plaster;  but  English  bond  is  preferred  by  some  on  the  score  of  great- 
er strength  due  to  a  better  transverse  tie.  Other  deny  this  superior 
Fig,  15.  strength  on  the  part  of  English  bond,  object- 

ing to  the  continuity  of  the  longitudinal  joints 
in  this  system :  and  claim  for  Flemish  bond  a 
more  extended  longitudinal  bond,  a  matter  of 
importance  in  distributing  the  weight  of  any 
~  portion  of  a  wall  over  a  great  length  of  base 

in  unsound  or  unequal  ground.     It  will  be  observed  on  referring  to 
Plate  XLIV.,  that  in  a  wall  of  7  courses,  any  one  brick  of  the  upper 
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course  is  supported  in  English  bond  bj  7,  bat  in  Flomish  bond  bj  11^ 
bricks. 

326.  The  following  figures  illnstrate  the  arrangement  of  brida  ia  ib 
alternate  courses  of  walls  built  in  Flemish  bond,  and  the  mode  of  kiufrng 
the  bond  when  one  wall  meets  another  at  right  angles  by  inieidiai^^ 
the  course  of  header  and  stretcher. 

In  the  one-brick  walls  {Figs.  16,  17)  it  will  be  seen  that  there  n» 


Fig.  16. 

- 

Fig.  17. 

continuous  longitudinal  joints  in  any  course.  In  one  and  a  half  Ut 
walls,  (Figs.  18,  19)  the  whole  bricks  used  coyer  only  |ths  the  smfMstf 
each  course ;  the  half  bricks  being  placed  in  the  inside  of  the  wall, 


Fig.  18. 

— 

a 

Fig 

f.  19. 

1 

if  they  are  truly  formed  they  will  aid  the  cohesion  of  the  mass  as  fitf  fl 
possible :  while  by  this  construction  the  continuous  longitudinal  joints  m 
ayoided,  and  a  really  better  bond  obtained  than  can  be  with  the  Engtt 
bond.     But  two-bricks  (Figs.  20,  21,)  walls  can  be  built  yet  more  solidlff 


Fig.  20. 

1 

^^^^ 

Fig.  21. 
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— 

half  bricks  not  being  necessary :  the  number  of  headers  howeyer  wiSbi 
double  that  of  the  stretchers ;  and  in  the  centre  part  of  the  wall  the  extent 
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of  longitudinal  bond  (in  wbicb  the  Flemish  bond  excels)  will  be  much 
diminished.  If  however  more  stretchers  be  used,  there  will  be  uninter- 
rupted mortar  joints  dividing  the  wall  perpendicularly  and  longitudinally, 
and  such  an  arrangement  would  be  inadmissable. 

The  above  sketches  and  remarks  will  enable  the  reader  to  plan  unaided 
the  arrangements  for  properly  ''bonding*'  walls  of  any  thickness  in  either 
of  the  styles  described. 

327. — Thin  flat  iron,  such  as  is  used  for  hooping  barrels,  forms  an  ex- 
cellent bond,  and  is  so  thin  that  it  may  be  inserted  in  the  ordinary  mortar 
joints  without  increasing  their  thickness.  It  should  be  laid  along  the 
middle  of  the  wall,  or  if  the  wall  be  thick,  in  two  or  more  parallel  rows  at 
every  2  or  3  feet  of  its  height.  If  nicked,  at  intervab,  along  the  edges, 
it  holds  better.  It  is  of  course,  of  more  use  in  the  foundations  and  plinth 
of  a  building  than  higher  up,  as  settlements  and  unequal  bearings  take 
their  origin  in  the  lower  part  of  a  wall,  except  in  cases  of  very  bad  work- 
manship. The  cohesion  which  takes  place  between  iron  and  hydraulic 
mortar,  whilst  there  is  none  between  wood  and  mortar,  renders  the  use  of 
iron,  when  the  cost  is  not  a  bar  to  it,  most  desirable. 

328.  Grood  workmen  are  well  aware  of  the  necessity  of  attending  to 
the  bond,  and  are  ready  both  to  suggest  and  to  receive  and  practice  an 
improvement;  but  the  generality  'of  workmen  are  both  ignorant  of  its 
importance  and  careless  in  preserving  it,  even  according  to  the  common 
modes.  Their  work  should,  therefore,  be  strictly  supervised  as  they  pro- 
ceed with  it,  for  many  of  the  failures  which  are  constantly  occurring  may 
be  referred  to  their  ignorance  or  carelessness  in  this  particular. 

329.  Not  second  in  importance  to  bonding  in  brick-work  is,  that  it  be 
perfectly  plumb,  or  vertical,  and  that  every  course  be  perfectly  horizontal, 
or  level,  both  longitudinally  and  transversely.  The  lowest  course  in  the 
footings  of  a  brick  wall  should  be  laid  with  the  strictest  attention  to  this 
latter  particular ;  for  the  bricks  being  of  equal  thickness  throughout,  the 
slightest  irregularity  or  incorrectness  in  that,  will  be  carried  into  all  the 
courses  above  it,  and  can  only  be  rectified  by  using  a  greater  or  less  quantity 
of  mortar  in  one  part  or  another,  so  that  the  wall  of  course  yields  unequally 
to  the  superincumbent  weight,  as  the  work  goes  on,  to  its  great  detriment. 

330.  Bricklaying. — In  the  operation  of  Bricklaying^  the  workman 
holds  the  trov^el  in  his  right  hand,  and  with  the  left  he  takes  up  the  bricks 
from  the  scaffold,  and  lays  them  in  their  places ;  spooning  or  shovelling  up 
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mortar  from  the  board  wiih  the  trowel,  he  throws  it  on  the  oonrse  last  laid, 
and  with  the  point  strews  it  oyer  the  surface  to  form  a  bed  for  the  brick 
which  he  is  about  to  set ;  whatever  bulges  or  projects  oyer  the  outer  edge 
of  the  work  below  is  struck  off,  and  being  caugbt  on  the  flat  face  of  the  trowel, 
is  put  against  the  side  or  edge  of  the  last  brick  laid  in  the  new  course.  Then 
taking  up  a  brick,  he  presses  it  down  in  its  place  until  its  upper  and  outer 
edge  comes  exactly  to  the  string  preyiously  stretched  as  a  guide  for  that 
edge  of  the  bricks  of  the  course  in  hand ;  and  if  this  be  not  readily  effected 
by  the  hand,  a  slight  drawing  below  with  the  obtuse  point  of  the  edge  of 
the  trowel  does  it,  or  a  tap  with  the  end  of  the  handle  both  draws  it  and 
settles  it  down  farther  than  the  hand  can  press  it.  The  small  quantity  of 
mortar  that  is  pressed  out  in  front,  by  this  operation,  being  struck  off,  the 
joints  are  neatly  drawn  by  compressing  the  mortar  with  the  point  of  the 
trowel,  and  thus  producing  a  fine  smooth  surface, — that  is,  if  the  work  is 
to  be  seen;  but  if  it  is  to  be  plastered,  the  rough  face  is  left  that  the 
plastering  may  tbe  more  readily  attach  itself,  and  the  joint  is  not  drawn  at 
all ;  the  workman  proceeds  in  the  same  manner  with  the  next  brick  in 
adyance  along  the  course,  or  to  fill  in  behind  the  one  he  has  laid  in  front 
to  meet  the  work  of  his  mate  on  the  other  side  of  the  same  wall. 

331.  This  is  the  common  mode  of  laying  bricks.  They  should  not  how- 
eyer  be  merely  laid;  eyerj  brick  should  be  rubbed  and  pressed  down  in  such 
a  manner  as  to  force  the  slimy  matter  of  the  mortar  into  the  pores  of  the 
bricks,  and  so  produce  absolute  adhesion.  Moreover  it  is  essentially  neces- 
sary, that  every  brick  should  be  soaked  in  water,  before  it  is  laid,  other- 
wise it  immediately  absorbs  the  moisture  of  the  mortar,  and,  its  sur- 
face being  covered  with  dry  dust,  and  its  pores  full  of  air,  no  adhesion  can 
take  place ;  but  if  the  brick  be  damp,  and  the  mortar  moist,  its  cementitious 
matter  enters  the  pores  of  the  brick,  so  that  when  the  water  evaporates,  the 

attachment  is  complete.  To  wet  the  bricks  before  they  were  carried  on  to 
the  scaffold  would,  by  making  them  heavier,  add  materially  to  the  labor  of 
carrying :  in  dry  weather  they  would,  moreover,  become  dry  again  before 
they  could  be  used ;  and  for  the  bricklayer  to  wet  every  brick  himself  would 
be  an  unnecessary  waste  of  his  time ;  boys  are,  therefore,  advantageously 
employed  to  dip  the  bricks  on  the  scaffold,  and  supply  them  in  a  damp  state 
to  the  bricklayer's  hand,  by  whose  side,  moreover,  should  be  a  vessel  with 
water,  in  which  the  brick  should  be  allowed  to  soak  before  being  used.  A 
watering  pot  with  the  fine  rose  to  it  should  also  be  used  to  moisten  the 
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upper  snrface  of  the  last  laid  coarse  of  bricks,  preparatory  to  strewing  the 
mortar  oyer  it.*  In  bricklaying  with  quick-setting  cements  these  things 
are  of  even  more  importance ;  indeed,  unless  the  bricks  to  be  set  with 
cement  are  quite  wet,  the  cement  will  not  attach  itself  to  them  at  all. 
The  upper  snrface  of  all  unfinished  masonry  should  at  all  times  be  kept  well 
flooded  with  water. 

332.  All  the  walls  of  a  building  that  are  to  sustain  the  same  floors 
and  the  same  roof,  should  be  carried  on  simultaneously ;  under  no  circum-* 
stances  should  more  be  done  in  one  part  than  can  be  reached  from  the 
same  scaffold,  until  all  the  walls  are  brought  up  to  the  same  height ;  and 
whenever  from  any  cause  one  part  of  the  wall  is  in  advance  of  the  rest,  the 
ends  of  the  part  first  built  should  be  racked  back,  and  not  carried  up  rer- 
tically  with  merely  the  toothing  necessary  for  the  bond. 

333.  Scaffolding. — In  ordinary  practice,  bricklayers*  scaffolds  are 
carried  up  with  the  walls,  and  are  made  to  rest  on  them.  The  walls  having 
been  built  up  as  high  as  they  can  be  conyeniently  from  the  ground,  a  to# 
of  poles  is  planted,  which  vary  in  height  from  thirty  to  forty  and  even 
fifty  feet,  parallel  to  and  at  a  distance  of  about  four  feet  six  inches  from 
the  walls,  and  from  twelve  to  fourteen  feet  apart.  To  these,  which  are 
called,  standards,  are  attached,  horizontally,  by  means  of  ropes,  other  polee 
called  ledgers,  with  their  upper  surface  on  a  level  with  the  highest  course 
of  the  wall  yet  laid ;  on  the  ledgers  and  wall,  short  transverse  poles  called 
putlogs  or  putlocks  are  laid  as  joists  to  carry  the  floor  of  scaffold  boards* 
These  putlocks  are  placed  about  six  or  seven  feet  apart,  according  to  the 
length  and  strength  of  the  scaffold  boards ;  and  the  ends  which  rest  on  the 
walls  are  carefully  laid  on  the  middle  of  a  stretcher,  so  as  to  occupy  the 
place  of  a  header  brick,  which  is  inserted  when  the  scaffolds  are  struck, 
after  the  work  is  finished.  Indian  masons  rery  frequently  build  the  put- 
locks in,  instead  of  leaving  out  a  brick  for  their  insertion,  and  in  taking 
them  out,  when  done  with,  necessarily  injure  the  wall.  On  the  floor  of  the 
scaffold  thus  formed,  the  bricklayer  stands,  and  the  materials  are  brought 
to  bim  by  laborers,  in  hods,  from  the  ground  below,  or  they  are  hoisted  up 
in  baskets  and  buckets  by  means  of  a  pulley  wheel  and  rope.  The  mortar 
is  placed  on  ledged  boards  of  about  three  feet  square,  placed  at  conyenient 
distances  along  the  scaffold :  and  the  bricks  are  strewn  on  the  scaffold 
between  the  mortar  boards,  leaving  a  clear  way  against  the  wall  for  the 

•  The  ordiiiAiy  nbititate  te  thic  in  Indfai  Is  a  mudl  MrthflHwira  fMud  witb  a  qmit  to  St,  oftUad 

ugnmlah. 
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workmen  to  moye  along  unobstructedly.    The  workman  then  reoommflDov 
the  operation  of  bricklaying,  beginning  at  the  extreme  left  of  his  eonni^ 
and  adyancing  to  the  right  nntil  he  reaches  the  angle  or  quoin  in  Ifat 
direction,  or  the  place  where  his  fellow-workman  on  the  same  sids  mtf 
have  begun. 

Thus  he  goes  on  with  course  after  course,  until  the  wall  is  as  i^ 
as  he  can  conyeniently  reach  from  that  scaffold,  when  another  le^v 
tied  to  the  poles,  another  row  of  putlocks  laid,  and  the  boards  are  renoni 
up  to  the  new  level.  The  ledgers  and  most  of  the  putlocks^  howww^ 
remain  to  give  steadiness  to  the  temporary  structure;  and  so  on  to  the  M 
height  of  the  wall,  piecing  out  the  poles  by  additional  lengths  as  mij  ta 
required.  If  a  scaffold  be  very  much  exposed,  and  run  to  a  great  lufgit 
it  must  be  braced.  This  is  done  by  tying  poles  diagonally  across,  on  Ai 
outside  of  the  standards  and  ledgers,  and  it  may  be  further  secured  bf^iy 
the  ends  of  some  of  the  putlocks  to  the  ledgers :  but  an  outside  seiiU 
should  never  be  attached  in  any  way  to  the  building  about  which  it  stndii 

A  scaffold  should  never  be  loaded  heavily,  as  well  on  aooount  of  tti 
work,  as  of  the  scaffold  itself;  for  the  putlocks  resting,  as  thejdo,fli 
single  bricks,  in  a  green  wall,  exert  an  injurious  influence  on  it,  wbkk 
every  additional  pound  weight  on  the  scaffold  must  necessarily  incniiii 
A  constant  and  steady  supply  of  bricks  and  mortar  on  the  part  of  tti 
laborers,  without  overloading  the  scaffold  at  any  one  time,  should  be  strietlf 
enforced.  It  would  indeed  be  an  advantage  if  every  scaffold  were  nidi 
with  a  double  row  of  poles  and  ledgers,  one  being  on  the  inside  within  i 
few  inches  of  the  wall,  as  is  the  practice  in  Stonework.  This  wooU 
obviate  the  necessity  of  resting  the  putlocks  on  the  walls,  and  doawayiidi 
putlock  holes ;  but  the  inner  row  of  poles  would  be  constantly  in  the  i^ 
of  the  bricklayer,  who  could  not  either  set  the  bricks  or  draw  the  joints n 
well  as  if  he  were  unobstructed. 

Access  is  given  to  scaffolds  by  ladders,  or  by  inclined  planes,  mail 
roughly  with  bamboos  or  other  material  at  hand. 

334.  Precaution  against  settling. — One  of  the  most  difficult  aad 
important  problems  in  the  construction  of  masonry,  is  that  of  preyenting 
unequal  settling  in  parts  which  require  to  be  connected,  but  which  sastdft 
unequal  weights ;  and  the  consequent  ruptures  in  the  masses  arising  firan 
this  cause.  To  obviate  this  difficulty  requires  on  the  part  of  the  Engineer 
no  small  degree  of  practical  tact.     Several  precautions  must  be  taken  to 


1  M  &r  u  practicable  the  danger  from  oneqaftl  setting.  Walls 
;  he*?7  rertical  pressures  should  be  built  np  nniformly,  and  niUi 
t  attonUon  to  the  bond  and  correct  fitting  of  the  conrses.  The 
I  ehonld  be  Tmiform  in  quality  and  size ;  and  hydranlic  morta; 
;ftDKiaglilj  ground  should  alone  be  nsed ;  as  a  further  precaution,  nhen 
^Mtieable,  a  trial  weight  may  be  laid  npon  the  wall  whilst  the  settling  is 
jkpngiest  and  before  (lie  permanent  load  is  laid  on. 

886.  Sacking  Back.— la  effecting  repairs  of  masonry  when  new  work 
Jl  to  be  eoimected  with  old,  or  when  a  continnous  wall  is  built  up  in  por- 
fiM,  the  ends  of  each  portion  shonld  be,  what  is  technically  called  racked 
ladiSr  bnilt  in  steps,  and  the  wedge-shaped  piece  A  {tee  figure)  forming 
Iha  jmetion  should  not  be  built  till  both  portions  are  thoroughly  set :  no 
■iA  wiQ  tiien  appear  at  the  junction. 

Aai  whenarer  new  work  is  joined  to  old,  the  old  should  be  thoroughly 
Mnfad  and  cleaned. 


886.  The  mortar  joints  of  brick  masonry  shonld  be  thin,  otherwise 
^Wewill  be  cracks  in  the  wall  from  the  unequal  resistance  to  settlement 
vfttatffit^s  and  mortar.  But  to  obtain  these  fine  joints  it  is  necessary 
4tt  Qw  mortar  be  thoroughly  ground  and  mixed,  which  is  often  neglected 
*  ttis  country. 

837>  Pucka  Uasonry  may  be  Plastered  or  Pointed,  or  the  joints  may  be 
A>*B  Tery  close  and  fine,  so  as  to  show  nothing  but  the  brick  itself,  and 
flfa  looks  better  than  either,  if  the  bricks  are  of  good  uniform  color  and 
auafnlly  dressed  smooth.  But  too  mach  chipping  not  only  entails  expense 
bat  destroys  the*  outer  skin  of  the  brick  which  is  best  fitted  to  withstand 
Qm  etFects  of  the  weather.  Tbia  may  be  obviated  by  using  none  but  the 
}Mt  bricks,  which  have  been  table  or  terrace  moulded,  and  ought  to  re- 
|ara  little  or  no  chipping. 

Mattering  is  generally  used  to  conceal  bad  work,  and  os  it  quickly  looks 
ihabbj  and  requires  continnal  repair  it  ought  to  be  everywhere  condemned 
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for  the  outsides  of  buildings.      Its  application  for  inside  walls  irill  be 
treated  of  under  the  head  of  Buildings.     It  may,  however,  be  used  to 
protect  kucha  pucka  masonry,  though  it  would  be  far  better  to  put  tht  . 
mortar  between,  than  outside,  the  bricks,  '| 

Pointing f  if  neatly  executed,  looks  well,  especially  if  the  bond  has  bea  j 
carefully  preserved ;  the  joints  are  raked  out,  filled  with  fine  white JinM^  ' 
and  are  drawn  straight  and  square. 

338.  Hollow  Masonry. — Hollow  brick  walls  are  now  extenrifdy 
used  in  buildings  in  England.  The  bricks  themselves  may  be  made  hollov, 
or  solid  bricks  are  used,  but  so  arranged  as  to  leaye  hollows  between  them. 
The  advantages  of  this  method  of  construction  are  economy,  lightness,  ani 
freedom  from  damp ;  and  no  doubt  it  would  secure  in  this  country  grsitcr 
coolness  for  the  interiors  of  buildings,  whilst  the  hollow  spaces  might  bi- 
used,  as  they  are  in  English  buildings,  for  purposes  of  yentilation.  At 
present  the  solid  brick  walls  employed  become  so  thoronghly  beslei  . 
during  the  day  that  they  continue  to  radiate  heat  at  night,  so  that  tta  ■ 
temperature  of  a  Barrack  in  the  Upper  Provinces  is  often  higher  at  n^ht 
than  in  the  day.  Were  a  stratum  of  air  interposed  between  the  onterml 
inner  face  of  the  walls,  the  heat  would  doubtless  be  much  reduced. 

In  Plate  No.  XLV.  are  shown  two  descriptions  of  hollow  walls,  OM 
made  with  common  bricks,  the  other  requiring  the  outer  bricks  to  b««  speci- 
ally moulded.  It  is  evident  that  in  such  walls  the  greatest  attention  should 
be  paid  to  the  bond,  and  none  but  the  best  materials  should  be  employed. 

339.  Kucha  Pucka  Masonry  is  commonly  used  in  India  when 
lime  is  scarce  and  dear,  and  economy  is  an  object,  or  in  the  case  d 
temporary  buildings.  The  bricks  should  be  sound  and  well  burnt,  and 
laid  with  strict  attention  to  the  bond.  The  mud  mortar  should  be  neither 
too  clayey  nor  too  sandy,  and  should  be  mixed  with  a  little  chopped  stiaw 
and  cow-dung,  and  well  worked  up. 

340.  Kucha  Masonry  of  sun-dried  bricks  cemented  with  mud, 
is  also  occasionally  used  for  out-houses,  or  for  the  interior  walls  of  larger 
buildings.  The  bricks  should  be  made  of  the  best  brick  earth,  very  care- 
fully dried  before  being  used,  and  laid  with  a  proper  bond.  Masonry  of  this 
kind  is  exposed  to  danger  from  its  small  resistance  to  crushing,  and 
hence  should  never  bo  subjected  to  a  heavy  weight;  and  still  more  to  risk 
from  water  penetrating  into  it,  which  would  bring  the  whole  mass  down. 
It  should,  therefore,  be  carefully  protected  from  such  contact  by  masonfj 
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of  burnt  brick  (as  on  the  tops  of  walls),  and  should  never  be  used  in 
foundations. 

341.  Kucha  Walls  of  mud  alone,  are  also  very  frequent,— con- 
structed sometimes  of  clay,  not  made  into  bricks,  but  in  large  lumps  laid  on 
one  another  in  a  soft  moist  state,  and  so  adhering  together  as  to  form,  when 
dry,  one  compact  mass ;  or  stiff  mud,  built  in  layers,  well  pressed  down 
with  the  hand,  or  by  hands  and  feet  if  the  wall  is  thick  enough ;  in  dry 
weather  the  sun  soon  bakes  each  layer  or  course,  sufficiently  to  allow  of 
the  wall  being  added  to.  Walls  so  built  generally  taper  somewhat,  and 
are  apt  to  have  vertical  fissures.  When  completed,  they  may  be  cut  and 
pared  at  the  base,  trimmed  and  plastered  with  clayey  earth  mixed  with 
hhoosa,  or  chopped  straw,  which  may  also  be  mixed  with  advantage  in  the 
mud  wherewith  the  wall  is  built.  It  is  wonderful  how  much  exposure 
to  the  rain,  such  walls,  when  carefully  built  in  dry  weather,  with  suitable 
earth,  will  stand. 

342.  Pise  Walls. — There  is  another  description  of  earthen-wall- 
work  called  Pise.  The  prepared  clay,  with  a  very  small  admixture  or 
sprinkling  of  water,  or  even  quite  dry,  is  rammed  hard  between  two  parallel 
rows  of  board,  fixed  at  the  distance  apart  of  the  proposed  thickness  of  wall. 
The  mass  becomes  firm  and  hard,  and  the  retaining  boards  are  removed. 
This  construction  is  expensive  and  has  little  advantage  over  ordinary  mud 
walls,  built  under  favorable  circumstances,  except  that  its  faces  are-  per- 
pendicular. 

343.  The  following  Brick-work  Specifications  used  in  the  Allahabad 
Circle  of  Public  Works  will  be  found  useful : — 

Fir/tt  class  brick-wot  k  will  consist  of  first  class  bricks  laid  in  cement ;  the  bricks  to 
be  of  uniform  size,  thoroughly  aud  equally  burnt,  of  a  deep  red  or  copper  color,  not 
vitrified,  ringing  clearly — to  be  well  and  squarely  shaped,  hard  burnt,  and  sound. 

Every  brick  to  be  bedded  and  drawn  up  in  cement,  to  be  laid  with  a  true  bond,  with 
only  such  proportion  of  half  bricks  as  shall  bo  necessary  to  complete  the  bond.  Every 
course  to  be  thoroughly  grouted. 

No  batts  (broken  bits)  to  be  used  in  the  brick-work. 

No  joint  to  be  more  than  three-eighths  of  an  inch  in  thickness. 

Every  brick  to  be  saturated  with  water  before  it  is  put  into  the  work. 

When  the  brick-work  is  not  to  be  plastered,  bricks  of  a  uniform  color  are  to  be 
selected  for  all  face-work. 

The  tops  of  unfinished  masonry  to  be  kept  at  al  times  flooded  with  water. 

The  walls  to  be  carried  up  regularly  in  all  case  t  where  the  natare  of  the  work  will 
pcrmiL 
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In  all  cases,  rettinis,  buttresses,  connteiforts,  &c.,  are  to  be  bnilt  up,  eoomlf 
course,  with,  and  carefallj  bonded  into,  their  main  walls.  These  are  never  to  to 
joggled  on  aftern-ards. 

Where  the  masonry  in  one  section  of  a  building  cannot  be  carried  np  m 
courses,  the  break  is  to  be  left  in  regular  steps,  so  that  the  new  work  to  be  adds! 
be  built  on  over  the  old« 

The  Mortar  to  be  composed  of  kunknr  or  stene  lime,  mixed  with  soorkee  or 
in  such  proportion  as  the  Executive  Engineer  may  direct,  according  to  the  qarii^tf 
the  lime  to  be  used.    If  necessary,  a  proportion  of  stone  lime  will  be  added  to 
made  of  kunknr  lime.    The  mortar  will  be  thoroughly  ground  and  mixed 
stones. 

The  kunknr  lime  may  be  burnt  in  kilns  with  charcoal  or  wood*  or  daapi 
ooplah,  as  the  Executive  Engineer  may  direct 

The  soorkee  is  to  be  finely  pounded,  made  from  well-bnmt  bricks  or  £rmi 
perly  tempered  and  approved  clay  or  loam,  worked  into  lumps  with  the  haad, 
well  burnt 

If  sand  be  used,  it  is  to  be  sharp,  coarse-grained  river  sand,  dean  and  fnt 
clay  or  earth. 

Not  less  than  24  cubic  feet  of  mortar  (dry)  to  be  nsed  to  the  100  eolne  kA 
masonry,  when  the  bricks  measure  9*  x  4^'  x  2|'.    More  will  be  required  if 
bricks  be  smaller,  less  if  the  bricks  be  larger,  but  no  alteration  of  the  rate  wil 
made  on  this  account 

Second  clais  brick-rvork  will  be  executed  of  similar  workmanship  generally  si 
class,  but  with  second  class  bricks,  viz.,  of  uniform  size,  burnt  throoj^ioiit  of  a 
red — not  straw  color. 

No  joints  to  be  more  than  half  an  inch  in  thickness. 

Mortar  not  to  be  ground  under  edge  stones,  but  mixed  in  a  trough. 

This  work  will,  with  very  few  exceptions,  be  plastered. 

Third  class  hrick-work  will  be  executed  with  bricks  similar  to  those  described 
second  class,  but  laid  in  mud. 

The  execution  of  the  work  in  bond  and  other  details  to  be  as  for  seoond-dasi 
work. 

The  mud  to  be  well  tempered — if  very  plastic,  a  proportion  of  sand  to  be 

To  be  worked  down  with  water  till  it  is  perfectly  free  from  lumps  and  of  the 
tency  of  thick  paste. 

Fourth  clan  hrick^worh  to  be  executed  similarly  to  third  class,  bat  with  brickf  aoC^ 
thoroughly  burnt,  being  of  a  straw  color,  or  what  is  generally  known  as  peela. 

Minor  buildings,  enclosure  walls,  &c,  will  sometimes  be  built  of  snn-dried  \mAB 
laid  in  mud,  as  specified  for  third  class  masonry.     The  bricks  mnst  be  well  sad 
•squarely  moulded,  of  well  tempered  clay  or  loam,  and  be  thoroughly  dried  before  thef 
are  used. 

344.     The  following  are  Extracts  from  the  Brickwork  Spedficttioii 

prescribed  for  use  in  the  Jubbulpore  Circle  of  Public  Works. 

Bricks  for  walling  and  other  masonry  will  be  9'  x  ^V  X  3'  when  burnt    Bricks 
of  other  dimensions  will  only  be  moulded  for  special  requirements. 
On  being  taken  out  of  the  kiln,  the  bricks  will  be  carefully  exanuned  and 
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into  three  classes.  First  class  bricks  will  be  of  UDiform  size  and  color,  thoronghly 
and  equally  burnt  throughout,  not  vitrified,  having  a  clear  ring,  well-shaped,  square 
and  true,  without  flaw  or  crack. 

Second  class  bricks  will  comprise  those  which  are  not  nniform  in  size  or  color, 
which  are  burnt  unequally  in  parts,  or  which  are  a  little  vitrified  or  unevenly  shaped  ; 
but  they  must  all  be  well  burnt  and  have  a  clear  ring,  and  must  be  free  from  cracks 
or  flaws. 

"Well-shaped  bricks  which  are  slightly  under  burnt  and  bricks  which  have  been 
much  fused  will  be  classed  as  third  class,  and  will  be  set  aside  for  temporary  build- 
ings or  out-ofilccs. 

To  ensure  none  but  good  materials  being  put  into  the  work,  all  bricks  shall  be 
stacked  at  the  site  of  building  in  regular  hacks  from  1|  feet  to  2^  feet  in  thickness* 
and  shall  be  carefully  packed  by  hand.  Stacking  in  large  loose  heaps  will  not  be  al- 
lowed. 

All  lime  supplied  by  a  contractor  shall  be  examined  and  passed  by  the  officer  or 
subordinate  in  charge  before  it  is  slaked* 

Bricks  shall  be  soaked  in  tanks  or  tubs  for  at  least  24  hours  before  being  used.  All 
stones  shall  be  thoroughly  flushed  with  water  before  being  set  As  the  work  proceeds, 
it  will  be  kept  thoroughly  wetted  until  the  mortar  has  set  firm  and  hard.  On  closing 
work  for  the  day,  small  mounds  of  mortar  1^  inch  high  will  be  set  all  ronnd  the  upper 
surface  of  the  masonry  and  filled  with  water,  which  will  be  left  to  soak  in  during  the 
night     On  Sundays  and  holidays  they  must  be  kept  continuously  filled  with  water. 

Where  practicable,  the  whole  of  the  masonry  in  any  structure  will  be  carried  up  at 
one  nniform  level  throughout,  but  where  breaks  are  unavoidable  they  will  be  made  in 
good  long  steps,  so  as  to  prevent  cracks  arising  between  the  new  and  old  work.  All 
cross  walls  and  junctions  will  be  carefully  bonded  together. 

Church  towers  and  similar  structures  rising  to  any  considerable  height  above  the 
buildings  to  which  they  are  attached  will  be  constructed  independently  of  it,  and  shall 
not  be  bonded  in  with  its  walls. 

Chimneys  and  ventilating  shafts  shall  be  carried  up  straight  and  smooth,  and  will 
be  plastered  internally  as  the  work  proceeds,  care  being  taken  to  leave  no  projections 
or  other  irregularities  to  interfere  with  the  up  draught  Chimneys  will  be  carefully 
gathered  in  above  the  fire-place  with  an  easy  sweep. 

The  foundations  of  all  walls  shall  be  spread  out  in  regular  steps,  so  as  to  give  them 
a  firm  footing  upon  the  soil  beneath. 

The  exterior  surface  of  all  vaults  under  roofs  or  floors,  also  [in  bridges  and  culverts] 
the  extrados  of  the  arches  and  the  top  of  the  backing,  shall  be  staunched  with  a 
covering  of  fine  concrete  of  such  thickness  as  shall  be  directed.  In  large  bridges,  or 
wherever  considered  necessary,  a  coat  of  asphalte  or  well-boiled  coal  tar  will  be  Udd 
over  the  staunching. 

All  voussoir  joints  shall  be  truly  summered.  All  horisontal  joints  shall  be  straight, 
level,  and  even  ;  all  faces  to  walls  (if  perpendicular)  shall  be  worked  true  and  plumb ; 
or,  if  battered,  shall  be  worked  to  a  regular  slope,  the  courses  being  laid  at  right 
angles  to  the  face  and  not  horizontally.  Battering  rules,  levels,  and  plumb  rules  of 
the  English  pattern  shall  be  used  as  much  as  possible  by  masons  in  lien  of  the  nntmst- 
worthy  native  implements. 
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Firtt  olast  hrick-work  will  be  composed  of  first  class  bricks  set  in  lime  mortar ; 
gecond  class  work  will  be  com{>oscd  of  second  class  bricks  also  set  in  lime  mortar. 

All  bricks  shall  be  thoroughly  flashed  in  mortar,  and  shall  be  gronted  at  every 
fourth  course.  In  first  class  work  no  joint  shall  exceed  f  th  inch  in  thickness,  in  second 
class  work  fth  inch  will  bo  the  maximum. 

The  bond  used  will  be  English  or  Flemish,  at  the  option  of  the  Executive  Eng^ 
ineer,  and  shall  be  carried  throughout  the  wall.  No  bats  shall  bo  used  in  the  work, 
and  no  more  half  bricks  than  are  necessary  to  complete  the  bond. 

The  best  bricks  of  their  respective  classes  will  be  selected  for  arches,  and  shall  be 
properly  gauged.  All  joints  shall  be  truly  summered  ;  the  bricks  shall  be  set  with  as 
dose  joint  as  possible,  and  tho  rings  shall  be  carefully  bonded  into  each  other. 

All  string  courses,  cornices,  and  mouldings  will  be  set  straight  and  true,  with  as  fine 
joints  as  possible. 

Brick-work  in  mud  will  be  of  third  class  bricks  set  in  mud  mortar.  When  these 
bricks  are  laid  in  lime  mortar  it  will  be  designated  Srd  clasf  brick-work,.  The  mor- 
tar need  not  be  ground  in  a  mill.  The  bricks  ynW  be  laid  with  as  much  attention 
to  bond  as  is  possible. 

Earth  for  mad  plaster  and  for  leeping  shall  be  sifted  fine,  and  will  then  be  thrown 
into  a  pit  with  a  small  quantity  of  chopped  bhoosa  and  cow-dung  ;  the  whole  will  be 
well  mixed  and  flooded  with  water,  and  it  will  then  be  left  for  at  least  three  weeks  or 
uotil  the  vegetable  matter  is  fairly  rotted  down.  Kucha  plaster  will  always  be  float- 
ed on  in  thin  coats,  saccessive  ones  being  added  if  a  greater  thickness  is  desired. 


CHAPTER    XVIII. 
ARCHING. 

845.   A  Masonry  Arch  is  an  assemblage  of  wedge-shaped  stones,  (or  of 

ftbRtifciites  for  them,  such  as  bricks,) — called  Voussoirs, — covering  a  space, 

'■d  supported  intermediately  by  their  mutual  pressure  on  each  other 

^MMd  by  gravity,  and  ultimately  by  their  pressure  against  the  solid  body 

unk  which  they  spring  on  either  hand,  whether  this  be  the  firm  ground, 

ABMB  of  masonry  called  an  abutfnent  or  buttress,  or  the  counter-thrust  of 
I  .ftamilir  arch  resting  on  the  same  pier,  or  point  of  vertical  support. 
Ike  under  side  of  an  arch  is  called  the  Intrados  or  Soffit ;  the  former 

^RBi  being  used  when  largo  arches,  like  those  of  a  bridge,  are  spoken  of, 
'  *m1  the  latter  for  small  arches,  such  as  usually  occur  in  buildings.  The 
^'^de  of  an  arch  is  called  the  Extrados  or  hack.  The  two  lowest  extremi- 
■"•  of  an  arch  are  called  its  Springings  or  springing  lines.  A  line  extending 
^^^  the  springing  line  on  one  side  of  an  arch  to  the  springing  line  on 
"®  opposite  side,  is  called  the  Span  of  the  arch.     The  Crown  of  the  arch 

^e  part  most  remote  from  the  springing  line,  and  the  parts  of  the 
"^  for  a  certain  distance  up  each  side  from  the  springing  lines  are 
^©d  the  Haunches.  The  Spandrils  are  the  spaces  contained  between 
^  ^^trados  and  a  horizontal  lino  from  the  crown. 

Curve  of  Equilibrium. — If  the  arch  stones  had  polished  snr- 
they  would  slip  on  each  other,  unless  the  direction  of  the  pressure 
D  each  pair  of  voussoirs  was  exactly  perpendicular  to  the  direction 
^lie  joint  between  them ;  and  as  the  direction  and  amount  of  pressure 
^^d  by  each  voussoir  of  an  arch,  depend  on  its  weight  added  to  that 
^^«d  by  it,  and  on  the  form  of  the  arch,  the  lines  of  directions  of  the 
^^ure  throughout  the  arch  form  a  polygon,  whose  sides  should  cut  every 
^"t  at  right  angles.  This  polygon,  by  assuming  the  stones  to  be  in- 
^«ly  small  compared  with  the  span  of  the  arch,  becomes  a  curve  called 
^     Curve  of  Equilihnum.     This  curve  can  in  all  possible  cases  be  deter- 
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mined  by  calculations,  which  however,  except  in  the  simplest  casei,  m 
abstruse,  and  the  reader  is  referred  to  Moselej's  and  Weisbach's  TpeatiNi 
on  Mechanics,  for  the  best  theories  on  the  equilibration  of  arches. 

Experimentally,  however,  an  equilibrated  arch,  to  sait  any  conditioi^ 
may  easily  be  drawn.  A  chain  suspended  from  two  points  at  a  dk- 
tanco  from  each  other,  and  allowed  to  hang  freely  to  the  depth  dsi 
to  its  length,  will  evidently  be  in  equilibrium ;  that  is,  its  parti  wit 
so  dispose  themselves  that  none  has  a  tendency  to  posh  the  otbflr 
aside ;  or  in  other  words,  the  vertical  force  of  each  link  being  sapportei 
by  the  hooks  to  which  the  chain  is  suspended,  the  horizontal  thnirt 
of  each  is  met  by  the  equal  and  contrary  force  of  the  links  on  eadi  lids 
of  it.  If  these  forces  were  unequal,  motion  would  ensue;  u  woa 
therefore  as  the  chain  b  stationary,  the  balance  or  equilibriom  of  ili 
parts  is  established. 

The  festoon  thus  formed  is  an  arch  reversed,  if  the  points  of  siupen- 
sion  represent  the  abutments  of  the  arch,  which  in  the  former  are  dmra 
together,  in  the  latter  thrust  asunder,  with  equal  force ;  supposing  tbi 
weight  and  depth  of  the  festoon  to  be  equal  to  the  weight  and  rise  ot 
ring  of  arch  stones. 

If  the  chain  is  composed  of  links  of  equal  length  and  wdght, 
festoon  will  form  a  curve  called  the  catenary.     By  increasing  the 
of  the  links  towards  the  points  of  suspension  the  festoon  will 
flatter,  and  the  form  will  thus  be  adapted  to  arches  of  bridges, 
haunches  are  built  up  to  carry  a  level,  or  nearly  level  roadway. 

Now  to  ascertain  the  form  of  an  arch  which  shall  have  a  span  AB 
a  rise  FG,  witli  a  roadway  following  the  line  CDE.     Let  the  figow 
ACDEB  be  inverted,  so  as  to  form  a  figure  AcdeB,  Let  a  very  flexible 

chain  with  links  of  equal  lenglk 
and  of  uniform  thickness  be  sus- 
pended from  the  points  A  and  B, 
and  let  the  chain   be  of  such  t 
length  that  its  lower  point  will 
hang  a  little  below  y,  correspond- 
ing to  F.       Divide  AB   into  a 
number  of  equal  parts  in  the  pointi 
1,  2,  3,  &c ,  and  draw  vertical  lines  cutting  the  chain  in  the  correspond- 
ing points  1,  2,  8,  &c.     Now  take  pieces  of  a  similar  chain  and  hang 
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them  at  the  points  1,  2,  8,  &c.,  of  the  ch^n  A/B,  which  will  sltet 
the  form  of  the  corre.  Cat  or  trim  these  pieces  of  chun  till  their  lower 
ends  all  coincide  nith  the  inverted  roadway  cde.  The  greater  lengths 
which  are  hnng  on  or  ne&r  A  and  B  will  pnll  down  the  points  to  which 
tbcf  are  attaclied,  and  canae  the  middle  point/,  which  is  leas  loaded,  to 
rise  a  little,  and  time  hring  it  to  the  height  fixed  upon  for  the  rise  of  the 
arch. 

An  arch  hnilt  in  this  form  will  be  in  perfect  eqailibriam,  if  the  propor' 
tion  between  the  weight  of  the  ring  of  arch  stones  of  a  depth  proportional 
to  the  horizontal  thrust  of  the  arch,  and  the  weight  of  roadwaj,  spandiil 
walls,  itc,  carried  by  it,  is  the  same  as  that  between  the  chain  A/B  and 
the  bits  of  chain  snapended  by  it.  Should  this  proportion  be  the  same  or 
nearly  so,  the  curve  is  the  one  reijnired ;  if  otherwise  the  nnmber  or  the 
weight  of  the  suspended  pieces  of  chain  mnst  be  added  to  ot  sabtraoted 
from,  till  the  deaired  proportion  is  obtained.  The  load  over  a  bridge  arch 
ia,  in  conaeqnence  of  the  plan  of  having  hollows  in  the  spandrils,  not 
distributed  exactly  in  proportion  to  the  height  of  the  wall  over  each  se- 
parate arch  stone,  and  the  apecific  gravity  of  the  mass  over  the  hannches 
being  tbaa  lean  than  over  the  crown,  an  additional  adjnstment  of  the  sna- 
pended bits  of  chain  is  thereby  indicated.  The  arch  of  equilibrium  is 
formed  to  aee  whether,  when  applied  to  the  form  of  arch  chosen,  it  lies 
everywhere  well  within  the  depth  of  the  arch  atones  which  compose  it. 

347.    An  arch  bnili  exactly  on  the  true  carve  of  equilibrium  would 


stand,  although  no  mortar  was  used  in  its  conBtmction,  and  even  if  tha 
Tooasoirs  were  highly  polished  on  their  bearing  surfaces. 

In  practice,  however,  the  extent  of  the  surfaces  of  the  arch  joints,  their 
friction,  and  the  tenacity  of  the  mortar  between  them  render  a  departure 
from  the  true  carve  of  eqailibriam  in  the  form  of  on  arch,  especially  of  & 
loaded  one,  aa  that  of  a  bridge,  aaimportant  within  certun  limits ;  etUl, 
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in  order  to  determine  those  limits,  and  in  heavy  arches  to  aroid  aaj  ly- 
proach  to  the  degree  of  compression  which  the  materials  used  are  ineipi-   , 
hie  of  enduring,  the  best  form  should  be  known,  as  there  will  alwajf  be«  \ 
economy  of  materials  disposed  in  such  forms,  in  ignorance  of  whidi  nft- 
ty,  if  attained,  can  he  so  only  by  waste ;  and  it  must  always  be  remembab 
ed  that  in  buildings  intended  to  be  permanent,  allowance  most  be  made  ^ 
conntrnctions  of  brick-work  and  masonry,  for  the  effect  of  concnm 
caused  by  storm,  earthquake,  or  floods,  as  in  constmctions  of  woodtti 
metals  for  effect  of  decay  and  rust. 

It  is,  therefore,  requisite  that  the  curve  of  equilibrium  of  an  arch  sIioqU 
be  contained  between  the  lines  of  its  upper  and  lower  sarface«,  called  id 
extrados  and  intrados,  and  not  be  allowed  to  approach  too  near  to  eitto; 
otherwise,  the  thrust  might,  if  brought  too  near  the  edges  of  the  tov- 
Boirs,  splinter  them,  and  thus  changing  the  form  of  the  arch  and  bringiii 
fresh  points  under  pressure,  perhaps  crush  them  in  detail. 

348.  The  effect  of  the  cohesion  of  the  mortar  in  arches,  is  to  cm 
the  breaking  up  of  an  arch  whose  equilibrium  is  defective,  into  thieeff 
four  masses  which  may  be  considered  as  the  sides  of  a  polygon,  whoaeo- 
gles  are  at  those  points  of  the  extrados  and  intrados  where  they  are  at 
by  the  curve  of  equilibrium  ;  motion  may  take  place  about  tkeae  {MJatii 
unless  the  thrust  in  the  direction  of  the  sides  of  the  polygon  ismetlMA 
in  the  piers  and  in  the  points  where  the  arch  has  a  tendency  to  open  oi^ 
wards,  by  a  sufficient  weight  to  counteract  it. 

It  will  be  seen  at  once,  therefore,  that  quite  different  forms  are  req«r- 
ed  for  weighted  and  unweighted  arches ;  the  former  are  as  in  bridg* 
the  latter  in  roofs.     For  instance,  it  has  been  found  that  an  unload^ 
semi-circular  arch  whose  extrados  is  parallel  to  the  intrados,  with  a  thick' 
ness  less  than  1-1 6th  of   its  span,  will  give  way  by  the  rising  of  *** 
haunches ;  this  relative  thickness  not  containing  in  it  a  curve  of  eqoSMir 
brium  under  the  given  conditions. 

It  is  evident  that  the  weight  thrown  on  the  haunches  of  a  bridge  ^ 
order  to  bring  the  roadway  to  a  level,  will  counteract  this  tendency  ** 
semi-circular  arches  to  bulge  out  at  these  points ;  the  remedy,  howc^*'' 
may  be  carried  too  far,  as  was  proved  by  an  enterprising  Welshiia*^ 
named  Edwards,  in  1751,  who  built  a  bridge  of  a  single  segmental  arcb  of 
140  feet  span,  and  35  feet  rise,  over  the  river  Taaf,  but  filling  in  ^ 
haunches  with  solid  masonry,  the  crown  of  the  arch  was  forced  op  and  ^ 


ABCHiNO. 


855 


UL    The  bridge  was  rebuilt  with  hollows  left  in  the  hannches,  and  is, 
ve  beKeye,  still  standing. 

849.  From  observations  of  the  manner  in  which  large  cylindrical 
whea  settle,  and  experiments  made  on  a  small  scale,  it  appears  that  in  all 
MM  of  arches  where  the  rise  is  not  greater  than  the  half-span,  thej  yield 
Ij  ihe  crown  of  the  arch  falling  inwards,  and  thrusting  the  lower  por- 
fins  outwards,  presenting  five  joints  of  rupture ;  one  at  the  key-stoney 
Fig,  1  one  on  each  side  of  it,  which  limit  the  por- 

tions that  fall  inwards,  and  one  on  each  side 
near  the  springing  lines,  which  limit  the 
parts  thrust  outwards. 

The  figure  (1)  in  the  margin  represents 

the  manner  in  which  such  arches  yield  by 

vptore  :  o,  joint  of  rupture  at  the  key-stone  :  mm,  joints  of  rupture  below 

1m  kaj-stone :  nn^  joints  of  rupture  at  springing  lines. 

In  pointed  arches  or  those  in  which  the  rise  is  greater  than  the  half- 

Fig.  2  span,  the  tendency  to  yield  is  different ; 

here  the  lower  parts  fall  inwards,  and 
thrust  the  parts  near  the  crown  upwards 
and  outwards. 

The  marginal  figure  (2)  represents  the 
manner  in  which  pointed  arches  yield  ; 
mn  falling  inwards  and  mo  outwards. 
^60.  Calculation  of  Thrust. — From  this  movement  in  arches,  a 
'^ttftare  arises  against  the  key-stone,  termed  the  horizontal  thrust  of  the 
^9  the  tendency  of  which  is  to  crush  the  stone  at  the  key,  and  to  overturn 
'  abutments  of  the  arch,  causing  them  to  rotate  about  the  exterior  edge 
^^3me  one  of  their  horizontal  joints. 

^le  joints  of  rupture  below  the  key-stone  vary  in  arches  of  different 
I,  and  in  the  same  arch  differently  loaded.  From  experiments,  it 
that  in  semi-circular  arches,  the  joints  in  question  make  an 
of  about  27^  with  the  horizon ;  in  segmental  arches  of  arcs  less 
120%  they  are  at  the  springing  lines  ;  and  in  oval  arches  of  three 
^"^es,  they  are  found  at  about  45''  from  the  springing  line,  measured 

"the  small  arc  which  forms  the  extremity  of  the  curve. 
^Ihe  calculation  of  the  points  of  rupture,  the  consequent  horizontal 
^^mty  and  its  effect  in  crushing  the  stone  at  the  key,  and  in  overturning 
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the  abutment,  are  problems  of  considerable  mathematical  intricacji 
bare  been  solved  bj  a  number  of  writers  on  the  theory  of  the  equHibmi 
of  arches,  and  tables  for  effecting  the  necessary  otunerical  cakalilMi 
bare  been  drawn  up  from  their  results  to  abridge  the  labor  in  each  cMa 
The  following  formula  is  given  by  Rankiue,  as  sufficiently  aoconUiir 
practically  finding  the  horizontal  thrust  of  the  arch,   finom  irfiidi  tb 
necessary  thickness  of  the  abutment  wall,  or  buttress,  to  resist  this  tM 
can  be  determined  : — 

Circular  Arch  not  less  than  a  Quadrant, — The  horizontal  tbnui  ii 
nearly  equal  to  the  weight  supported  between  the  crown  and  thstputtf 
the  soffit  whose  inclination  is  45% 

Thus,  in  figure,  let  ACB  represent  one-half  of  a  circular  ardi,  0  beoy 

the  centre  of  the  intrados  and  OA  its  nSnii 
=z  r ;  let  OP  =z  r',  PU  =  c ;  UV  bdi«A9 
horizontal  platform.  Draw  OCF,  malmigftl 
angle  AOO  =z  45^  with  the  vertical ;  then  III 
horizontal  thrust  of  the  arch  will  be  wtil 
equal  to  the  weight  of  the  mass  ACFfll 
which  lies  between  the  joint  GF  and  the  emii  | 
The  point  F  b  that  up  to  whose  lent  iiii 
advisable  to  build  the  backing  solid,  oritil 
events,  to  bond  and  joint  it  in  such  a  manner  that  it  shall  be  capaUaif 
transmitting  a  horizontal  thrust.  Draw  FT  horizontal  ;  then  FT  s 
•7071  OP. 

Circular  Arch  leas  than  a  Quadrant. — Take  the  weight  of  a  half-nA 
with  its  load,  and  multiply  by  the  co-tangent  of  the  inclination  of  Iki 
intrados  to  the  horizon  at  the  springing. 

This  thrust  when  applied  at  the  top  of  an  abutment  will  act  with  As 
greatest  force  at  its  base,  or  at  the  full  extent  of  the  lever  whose  kagb 
is  the  height  of  the  abutment ;  the  resistance  will  consist  of  the  Mr 
ment  calculated  by  multiplying  the  content  by  the  weight  of  the  mateiiil, 
and  by  the  length  of  the  leverage,  calculated  from  the  point  over  wUdi 
its  centre  of  gravity  must  be  turned,  added  to  the  weight  of  the  hilf 
arch  resting  on  the  abutment,  acting  at  the  point  from  which  it  spriiigs 
and  to  the  cohesion  of  the  mortar  joint  which  must  give  way  before  tb 
mass  can  begin  to  move, 

351.    This  method  of  detenmning  the  thickness  of  an  abntmenl  t 
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resist  the  effort  of  an  arch  to  turn  it  over,  will  be  best  illastrated  by  an 

example. 

The  abotment  arch  of  the  Hntcheson  Bridge,  Glasgow,  bailt  by  Mr.  B.  Stevenson, 
is  a  segment  of  60®  of  a  circle,  the  radius  and  span  being  each  65  feet  The  line  of 
thrust,  which  is  tangent  to  the  carve  at  the  springing,  forms  therefore  an  angle  of  30" 
with  the  horizon.  The  thickness  of  the  arch  is  everywhere  34  feet,  the  height  of  the 
springing  line  is  17  feet,  the  abatment  is  carried  np  solid  to  a  mean  height  of  26  feet 


To  find  the  thmst  of  this  arch,  it  will  be  requisite  to  allow  for  the  weight  of  the 
roadway  and  occasional  loads  passing  over  it,  and  when  the  material  is  stone,  H 
feet  added  to  the  thickness  of  the  arch  may  be  taken  to  cover  all ;  the  arch  then 
averages  5  feet  in  thickness,  and  the  length  of  the  half  arch  35  feet  nearly.  A  cubic 
foot  of  masonry  may  be  taken  at  120  lbs.,  and  in  making  the  calculation  of  the  thrust 
of  the  arch  and  the  resistance  of  the  abutment,  it  will  be  sufficient  to  take  one  mn- 
ning  foot  in  length  for  each. 

The  weight  of  the  half  arch  then  will  be  =  5x35xl20xl=  21,000  lbs.,  and 
this  weight  multiplied  by  the  cot  of  30®  will  give  the  horizontal  thrust  of  the  arch, 
and  this  thrust  acts  upon  the  abutment  at  the  springing  line,  and  therefore  with  a 
leverage  of  17  feet  in  this  case. 

The  moment  of  the  arch  then,  tending  to  overturn  the  abutment  will  be  =  21,000 

X  n/3  X  17.  The  resistance  the  abutment  can  offer  to  this  will  be,  first,  its  own 
weight  multiplied  by  half  its  thickness  ;  second,  the  strength  of  the  abutment  against 
rupture  at  the  mortar  joint ;  and  third,  the  effect  of  the  weight  of  the  arch  itself  in 
preventing  the  abutment  from  turning  over,  that  is,  from  its  resting  upon  the  inner 
edge  of  the  abutment. 

If  we  take  1000  lbs.  as  the  cohesive  strength  of  the  mortar  joint  per  superficial  foot 
and  the  weight  of  the  masonry  120  lbs.  per  cubic  foot,  as  in  the  arch  ;  also  if  a  repre- 
sent the  thickness  of  the  abutment,  then  the  resistance  of  the  abutment  will  be  as 
follows  :^ 

(i).    Resistance  due  to  its  own  weight  =  26  X  «  X  1  X  120  X  ^  =  15600*. 


(ii).    Resistance  due  to  mortar  joint  =  1000  X  «  X  ? 


=   600««. 
&=  21000  m. 


(iii).    Resistance  due  to  arch,  ..         ••        ••        ••        «• 

Then,  if  these  be  equated  with  the  moment  of  the  arch,  we  have 

2060  «•  + 21000  «  s=  21000  X  ^fx  17. 
And  solving  this  equation,  we  get  «  =  12*9  feet 
This  equation  of  eqailibrinm,  as  it  is  called,  may  be  pat  in  an  algebraic  f onn  as 
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follows,  finpposing  the  arch  not  to  exceed  a  quadrant,  and  Um  back  and  firait  d  Ai 
abatment  to  be  perpendicular. 
Let  W  =  the  weight  of  the  half  arch  with  its  raperincainbent  load  of  baek%fli 
roadway,  &c. 
a  =  the  angle  sabtended  by  the  half  arch,  or,  which  is  the  same  tiii^(fl|< 

angle  of  inclination  of  the  tangent  to  the  curve  at  the  apriDgiiig  &a 
w  =  weight  per  cubic  foot  of  the  masonry  of  the  abutment. 
h  =  height  of  abutment  to  springing  line. 
A|  =  mean  height  of  abutment 

c  =  cohesive  strength  of  mortar  joint  per  superficial  foot. 
h  =  horizontal  thrust  of  arch. 
Then  H  =  W  cot  a,  and  the  moment  of  the  arch  s=  hW  cota,  and  pattiagf  If 
the  thickness  of  the  abutment  as  before,  the  equation  of  eqnilibrinm  will  be 


(5l.^±-?)««  +  Wx  =  AWcot 


a. 


In  the  example  given  above,  suppose  the  mean  height  of  the  abntmoit  to  bea^ 
19  feet,  and  the  arch  springing  from  10  feet 

The  moment  of  the  arch  will  then  be  s=  21000  x  n/3   X    10,  and  the 
will  be  lUOx^  +  500x''  +  21000  x,  or  the  equation  will  be 

1640x>  +  21000X  =  21000  X  n/3  X  10,  and  solving  thiB  eqnatioa 
X  =  9*8,  or  3  feet  less  than  in  the  former  case. 
If  there  were  no  cohesion  between  the  stones  or  bricks  forming  an  abotaMil^ll 

horizontal  thmst  woaUapB 
them  to  slide  on  eack  cAt 
at  the  joints  ;  thai  in  Ae » 
companying  figore,  the  Airt 
of  the  arch  /,  would  to » 
sisted  only  by  the  fridkaii 
the  joint  ab,  which  wodd  to, 
equal  only  to  about  Kvcfr 
tenths  of  the  weight  of  tto 
mass  ctbcdf  *7  being  the  e»> 
efficient  of  friction  of 


or  brick.  If  abed  be  taken  as  a  rectangle,  be  3  feet,  suppose,  and  120  lbs.  as  te 
weight  per  cubic  foot  as  before,  also  let  «  represent  the  width  ab  ;  then  the  wd^ 
of  the  mass  abed  will  be  =  3  x  120  x  *  =  3G0  *.  To  this  add  the  weight  o( 
the  half  arch  resting  upon  it,  or  21000  lbs.,  then  the  whole  resistance  of  friction  will 
be  =  -7  (3C0x  +  21000)  =  252x  +  14700.  Equating  this  with  the  horirontal  thmt 
of  the  arch  as  found  before,  we  have  252x  +  14700  =  21000  ^/3,  whence 

X  =  86  feet. 

The  cohesion  of  common  mortar,  according  to  Rondclet,  is  from  2160  to  4320  fti 
per  superficial  foot,  but  according  to  some  experiments  made  recently  in  connectka 
with  the  masonry  forts  in  the  Bombay  Harbour,*  it  was  found  to  average  only  236 
lbs.  for  the  best,  and  1270  lbs.  for  worst,  class  of  mortai-s. 

Referring  again  to  the  last  calculation,  when  the  abutment  is  supposed  to  yield  hj 
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sliding,  there  would,  in  practice  always  bo  mortar  between  tne  layers  of  masonry  in 
the  abutment,  and  the  resistance  of  the  mortar  joint  along  the  line  ab  would  offer  the 
principal  resistance  to  the  thrust  of  the  arch.  In  the  above  case,  if  we  tate;2000  lbs; 
as  the  cohesive  strength  per  superficial  foot  of  the  mortar,  and  also  assume  the  resist- 
ance to  detrusion  to  be  the  same  as  the  cohesion,  the  strength  or  resistance  of  the 
mortar  joint  will  be  =  2000  jt,  and  equating  this  with  the  thrust  of  the  arch,  we  have 

2000  tt  =  21000  s/S" 
/.    =  1818  feet 

It  appears  from  this,  that  it  will  be  necessary  with  abutments  of  small  height  to 
calculate  the  thickness  both  for  overturning  and  detrusion,  and  to  take  whichever 
is  the  greater  as  the  minimum  thickness. 

In  considering  the  case  of  detrusion,  it  is  evident  that  an  abutment  which  is  likely 
to  be  tested  in  this  way  should  be  allowed  to  set  thoroughly  before  the  arch  is  turned 
or  at  any  rate  before  the  centering  is  removed. 

352.  In  the  above,  and  all  similar  calculations,  it  mast  be  remember- 
ed that  the  thickness  of  the  abutment  thus  found  is  the  minimum  thickness 
absolutely  required  to  resist  the  thrust.  But  in  actual  practice  an  addition 
of  about  one-eighth  should  be  made  to  the  calculated  mass  af  the  abut- 
ment, to  ensure  safety. 

In  Elliptic  arches,  the  portion  of  the  arch  immediately  above  the  skew- 
back  should  be  taken  to  form  part  of  the  abutment,  and  the  thrust  may 
be  calculated^  as  before,  by  treating  the  curve  as  a  series  of  circular 
segments. 

More  will  be  said  on  Abutments  under  the  Section  Bridges* 

353.  Form  of  Arches. — Arches' may  be  Semi- Circular,  Segmental, 
Semi- Elliptical y  or  Pointed. 

Semi- Elliptical  Arch, — To  set  out  a  semi-elliptieal  arch,  draw  a  line 
AB  equal  to  the  span  or  transverse  axis  of  the  ellipse.  On  this  at  right 
angles  draw  CD  equal  to  the  rise  (which  will  be  the  semi-conjugate).   Then 

from  the  vertex  C,  with 
radius  AD  or  DB  equal 
to  half  the  span,  describe 
an  arc  intersecting  AB  in 
E  and  F.  These  two 
points  will  be  the  foci  of 

the  ellipse.     If  two  nails 

■I 

ar  pegs  be  fixed  in  the 
foci,  and  a  line  attached  to  them  equal  in  length  to  AB,  then  the  curve 
traced  by  a  nail  keeping  this  line  stretched,  will  be  the  ellipse  required ; 


the  lines  EGP,  EHF,  ECF,  EIF,  &x>.,  being  *II  eqtul  to  the  ^md  AIL 
and  to  eaci)  other. 

354.  An  elliptic  arch  maj  also  be  deacribed  bycontiaaedmotttaiBM 
following  manner  : — On  a  straight  bar  AB  (tee  figure),  if  AC  be  mtlm 
eqnsl  to  the  height  of  the  arch,  and  CB  equal  to  half  the  span,  then  if  tbtafl 


to  more  on  rollers,  an  arch  of  congiderable  sise  ma;  he 
described  in  this  way,  when  a  trammel  wonld  become  nnmanagsaUa  A 
find  the  direction  of  the  joints,  with  a  radius  equal  to  half  the  tfth,  lia 
the  point  K  {see  figure),  as  a  centre,  describe  the  arc  OH,  whidi  M*- 
mines  the  points  G,  H,  called  the  foci.  Let  it  now  be  reqaired  to  dnfi 
joint  at  I,  join  IG  and  lU,  draw  LI  to  bisect  the  angle  GIH,  and  itilfa 
joint  reqoired. 

356.     Mani/  centered  Circular  arch. — Curves  formed  of  arcs  of  oniB 
of  uneqnal  radii,  and  similar  in  appearance  to  the  ellipse,  are  somdii*    1 
adopted  for  the  arches  of  bridges  ;  with  the  same  rise  and  span,  the}  Hf    ; 
be  constructed  to  give  a  greater  waterway,  and  in  stone  bridges  dwjtafi 
been  preferred  by  practical  stone  catters,  bat  in  brick  bridges  thej  hMM 
adrantage  in  simplicity  over  elliptical  arches.     They  may  bo  descnbedltt 
three  or  a  greater  odd  number  of  centres.     The  nnmberof  centres  viB^ 
pend  on  the  relation  between  the  span  and  rise ;  when  the  latter  il  <M- 
third,  or  a  greater  fractional  part  of  the  former,  three  centres  may  btgHd, 
but  if  the  rise  is  less  than  one-third  of  the  span,  then  five,  or  a  greatai  eU 
namber  must  be  taken.     In  practice,  it  will  be  found  troublesome  to  dcHribt 
arcs  from  a  large  number  of  centres,  nor  indeed  will  occasion  be  fbond  fa 
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g  onrrM  of  this  deicriptioQ.    The  followiiig  ia  a  method  of  deBcribing  & 

c  compoEcd  of  three  arcs,  each 

of  61)°.     Let  AE  (*«  fie:ure)  re- 

preaeut  the  span,  and  CD  the  rise, 

take  DG  ='AD  —  DC,  and  on 

Ja  it  describe  an  eqailatcral  triangle 

DOB,  let  fall  the   perpendicnlar 

HI  and  take  IE  =  HI.  In  the 

same  way  tlie  point  F  is  found. 

On    EF  describe  the  equilateral 

igle  EFK,  then  E,  F  and  K,  will  be  the  centres  required. 

«  oval  arch  rise  one-third,  bisect  the  half  spans  AD  and  DB  (s«< 
figure)  in  the  points  E  and  F,  and 
prodnce  versed  sine  CD  to  G  mak- 
ing DG  =  DC,  then  E,  F,  and  G, 
nil!  be  the  three  centrea  with  nhich 
the  carve  ma;  be  described.  In  aet- 
_  .  _        ,        —^  j^g  ^^^  arches,  the  practical  di£B- 

f ,  \  /  cnlty  arises  from  the  elasticity  of 

P ,  \      /  string      Instead  of  a  string    soft 

I  ,  \r  wire,  abont  a  tenth  of  an  mch  m 

i  "  diameter   should  be  used      When 

[    ftttadimcloei  not  exceed  12  or  15  feet,  a  slip  of  wood  maybe  naed  with 

illdatcKh  end. 
8G6.   Pointed  Archa.—Tiiv  next  figure  illnstnvtea  the  mode  of  deacnb- 
■K  ttie  usual  four-centered  Tudor  arch  which 
i  .ftlOirallj  adopted  as  a  very  graceful  form  j-'-^'T^''-^ 

IMiffal  eqnal  to  the  width  of  the  arch  and 

frMeitinto  foprpart8,asal,  12,23  sad  34  | , ^^-y — i- ^ 

O^  with  13  as  a  radius  on  the  points  1  and 

^d«scribe  the  arcs  1«  and  3e.     Draw  lines 

ttrmgh  le  and  Bt,  after  which,  rale  pcrpendi 

mIh  lines  lines  through  I  and  3,  cutting  the  |  \l 

Suts  le  and  deiad  and  /.     This  done  with 

1<  «8  a  radius  on  the  point  1,  descnbe  the  arc 

oft;  tlien  with  the  radius  hd,  draw  the  remtdnder  of  the  arch  be.     Tlu 

otlisr  side  of  the  arch  is  completed  by  a  similar  process. 

VOL.   1.— THIBD   SDITIOH.  3  A 
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357.  Plate  XLYL,  contains  four  examples  of  Gothic  arches  of  Tari- 
ons  periods,  elucidating  some  of  the  principles  which  may  be  adopted  in 
designing  similar  arches,  and  the  leading  feature  to  be  observed  in  the 
setting-out  and  working  of  them. 

Fiff.  1  is  an  Early  English  arch,  struck  from  two  centres,  and  haring^ 
three  surfaces  of  mouldings.  The  width  of  the  opening  is,  in  this  case, 
divided  into  five  parts,  the  two  points,  2  and  3,  level  with  ihe  top  of  the 
capitals,  being  the  centres  from  which  the  arch  is  described.  In  this 
specimen,  the  outermost  and  innermost  shafts  are  worked  in  the  coursea, 
while  the  shaft  between  them  is  of  long  stones  detached  from  the  jamb ; 
this  latter  kind  of  column  is  a  very  common  and  pleasing  feature,  in  this, 
and  the  early  part  of  the  succeeding  style. 

Fig,  2  is  a  very  beautiful  trefoil  arch  of  the  early  part  of  the  14th 
centnry:  the  springing  is  a  few  inches  above  the  capitals.  The  span 
from  0  to  11  is  divided  into  eleven  equal  parts ;  from  the  divisions  2,  9, 
as  a  base  erect  an  equilateral  triangle,  and  upon  the  divisions  2,  3,  4, 
and  7,  8,  9,  as  bases,  the  small  equilateral  triangles  2,  3^,  4,  and  7,  8°,  9, 
the  extreme  angles  of  which  give  the  points  from  which  the  curves  of 
the  arch  are  drawn.  The  dotted  lines  from  the  centres  to  the  arch  re- 
present the  mode  of  drawing  the  joints,  the  different  planes  of  which 
meet  at  the  mitre  of  the  mouldings  in  the  spandril — a  feature  which 
should  always  be  preserved  in  order  to  make  sound  workmanship. 

Fig.  3  represents  a  foliated  arch  with  double  featherings,  viz.,  feather- 
ings or  cusps  on  two  different  planes.  The  same  general  principles  are 
observed  in  describing  these  arches,  as  may  be  seen  by  consulting  the 
Plate ;  but  the  featherings  in  ancient  examples  are  greatly  varied  in  forms 
and  treatment.  This  design  is  of  the  Early  Decorated  period,  in  which 
the  principal  spandrils  are  carved,  and  sometimes  both  the  principal  and 
the  minor  ones ;  but  in  later  examples  they  are  ornamented  with  pierced 
tracery.  The  radiating  joints  must  be  carefully  maintained,  care  being 
taken  to  work  the  carving  in  single  stones  as  far  as  possible. 

Fig.  4  is  a  four-centered  arch  of  the  perpendicular  period.  This  arch 
ia  formed  by  the  space  from  0  to  9  (the  leading  fillet  being  taken  as  the 
gnide).  This  must  be  divided  into  nine  parts ;  upon  the  bases  1,  5^ ; 
8,  3^,  describe  the  inverted  equilateral  triangles  1,  10,  5^;  8, 11,  3^; 
and  from  the  points  10,  5|,  and  11,  3^,  the  arch  is  struck. 

358.  The  masoUi  in  order  to  put  a  design  into  execution,  must  set 
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ont  the  arch  fall  size  in  elevaiion  on  a  levelled  surface,  with  the  joints 
marked  thereon.  The  next  process  is  to  make  the  moulds,  for  which  thin 
sheets  of  zinc  are  best  adapted ;  the  zinc  being  cat  to  the  form  of  the 
required  sections  of  the  yonssoirs,  both  on  the  bed,  and  on  the  face. 
Where  arches  are  formed  of  one  curve,  and  the  vonssoirs  are  all  of  one  size 
and  shape,  one  mould  will  be  sufficient,  except  for  the  key-stone.  The 
moulds  being  thus  obtained,  and  numbered  or  lettered  for  their  respective 
situations,  the  stone  is  to  be  worked  to  a  level  face,  and  the  face-mould 
applied  and  marked,  the  joints  worked,  and  the  section  or  bed-mould 
applied  and  marked. 

359.  The  proportion  of  Rise  to  span  depends  on  the  nature  of  the 
structure  in  which  the  arch  is  employed,  and  on  the  weight  supported  by 
the  arch. 

Where  great  strength  is  required,  and  there  ts  plenty  of  space,  a  semi- 
circular arch  is  the  strongest  of  all.  The  semi-elliptical  is  the  most 
graceful,  and  the  segmental  perhaps  the  most  useful.  Pointed  or  gothic 
arches  are  used  only  in  buildings,  never  for  (modem)  bridges.  For  load- 
ed arches,  as  in  the  case  of  bridges,  the  proportion  of  the  rise  in  seg- 
mental and  semi-elliptical  arches  varies  from  about  one-seventh  to  one- 
fourth,  the  ratio  increasing  with  the  span.  Very  flat  arches,  like  those 
over  doorways  in  buildings,  have  segmental  arches  turned  over  them  to 
relieve  them  of  the  superincumbent  weight  of  the  wall. 

360.  The  Thickness  of  arches  depends  on  the  rise,  on  the  weight 
supported,  and  on  the  material  of  which  the  arch  is  composed.  French 
writers  give  -^^f  of  the  span  +  I'l  foot  as  the  rule  in  case  of  bridges; 
but,  as  this  is  independent  of  the  radius  of  curvature,  we  prefer  Rankine's 
formula  V"12r,  for  the  thickness  at  the  crown,  r  being  the  radius  of  curve 
of  the  soffit  at  that  point.  In  the  case  of  Brick  arches,  all  small  arches 
should  be  18  inches  or  two  bricks  thick  at  the  crown,  and  this  thickness 
will  be  sufficient,  as  experience  has  shown,  until  the  span  exceeds  36  feet, 
and  then  should  be  increased  half  a  brick  for  every  8  feet ;  therefore,  for 
a  span  of  60  feet,  the  thickness  should  be  3]^  bricks,  or  2  feet  7^  inches. 
Arches  are  rarely  built  of  a  span  exceeding  70  feet  in  India,  and  hence 
four  bricks  may  be  taken  as  the  maximum  thickness. 

Arches  should  increase  in  thickness  from  the  crown  to  the  springing. 
In  segmental  arches  the  thickness  at  the  springing  is  50  per  cent,  more 
than  at  the  crown.     Brick  arches  should  be  divided  into  several  portions, 
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and  the  increase  of  thickness  in  each  portion  should  be  half  a  biie 
order  to  ensure  proper  bond.  In  small  arches  the  eztradoe  maj  be  i 
parallel  to  the  intrados. 

36L  Centerings. — From  the  nature  of  an  arch,  formed  of  sapi 
pieces  of  material,  as  bricks  or  stones,  it  is  clear  that  thej  oonU 
be  placed  in  the  position  they  are  intended  to  maintain,  without  ■ 
artificial  support  for  them  to  rest  upon,  until  the  arch  is  completed  i 
made  capable  of  supporting  itself.  And  when  that  is  done,  this  artt 
support  has  to  be  removed,  in  order  to  throw  open  the  spaoe  tUt 
been  arched  over  without  any  impediment.  This  applies  equally  k  i 
arches  or  vaults,  from  the  smallest  to  the  largest,  and  the  artificitl  flffi 
that  is  made  use  of  is  called  the  Center  or  the  Centering  of  the  aidL 

In  all  centerings,  the  two  chief  points  to  be  attended  to  tn^  fli 
its  upper  or  bearing  surface  shall  be  very  correctly  formed  to  the  i|pR 
assigned  to  it,  whether  it  be  a  portion  of  the  circle,  ellipse,  or  ^ 
other  curve;  and  that  it  shall  be  sufficiently  strong  to  bear  the idilli 
of  the  materials  the  arch  is  to  be  composed  of,  together  with  the  leikH^ 
tools  and  other  things  that  may  be  placed  upon  it,  without  ei^fl 
changing  its  form  at  any  time  during  the  construction  of  the  tick. 


362.  Wooden  centerings  consiEt  of  ribs  or  trusses  whose  upper  « 
is  of  exactly  the  same  form  as  the  intrados  of  the  arch  to  be  supp 
These  ribs  or  trusses  ABC  arc  placed  at  certain  distances  apart,  ant 
nected  by  boards  or  battens,  called  laggings  {II),  to  form  a  curred  i 
on  which  to  lay  the  arch  stones  or  bricks. 

The  construction  of  centerings  for  small  arches  requires  little  or  n 
Such  centres  are  generally  made  of  two  ribs,  with  the  lagging  na 
their  convex  surface,  the  ribs  being  made  by  means  of  two  O! 
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thicknesses  of  plank  nailed  together  with  the  grain  of  the  wood  crossing; 
as  in  the  ahove  sketch. 

Similar  centerings  with  three  or  more  ribs  are  applicable  to  road  tun- 
nels, and  may  be  made  into  lengths  of  10;^  feet  each,  the  lagging  being 
nailed  on  to  each  rib  and  extending  over  at  least  two  spaces ;  the  joints, 
if  any,  being  alternate,  so  as  to  hold  the  whole  framework  well  together. 
In  building  the  drain  or  tunnel,  the  centering  is  first  to  be  fixed  in  its 
proper  place,  at  one  end  of  the  work,  and  the  arch  is  then  built  over  its 
whole  extent.     That  done,  the  centre  is  struck  (which  is  the  technical  ex- 
pression for  releasing  and  taken  down  the  centering),  and  it  is  moved  for- 
ward very  nearly  its  own  length,  taking  care  to  leave  3  inches  of  one  of  its 
ends  underneath,  but  in  contact  with  the  underside  of  the  portion  of  arch 
that  has  been  built.     In  this  new  position,  it  is  to  be  made  straight  and 
level,  and  again  fixed  ;  when  a  second  quantity  of  arch  work  equal  to 
its  length  may  be  built  upon  it,  when  it  is  again  struck,  advanced,  adjusted, 
and  fixed,  and  is  ready  for  a  third  length  of  work;  and  by  this  process, 
a  tunnel  may  be  continued  any  required  distance  with  only  one  short  cen- 
tering.    Two  or  three  centerings  of  this  kind  will  be  found  very  nsefnl, 
when  a  large  number  of  tunnels  of  the  same  span  are  to  be  built  on  a  new 
line  of  road;  where,  however,  wood  is  dear  and  carpenters  scarce,  a  solid 
centering  of  earth  may  be  formed,  by  filling  in  between  the  side  walls,  or 
abutments  with  rammed  earth,  and  then  forming  a  raised  surface  of  the 
same  to  the  shape  required.     This  mould  is  to  be  removed  by  digging 
out,  after  the  tunnel  is  completed,  or  so  far  as  completed  at  any  time. 

The  centerings  required  for  large  arches,  and  the  methods  used  in 
striking  such  centres,  are  treated  of  under  the  Section  Carpbmtrt. 

363.  Various  periods  have  been  laid  down  as  proper  to  allow  be- 
tween the  keying  and  the  oncentering  of  arches,  though  it  has  been 
generally  agreed  that  immediately  after  the  completion  of  the  arch,  the 
centerings  should  be  slacked  a  little,  so  that  the  bricks  may  close  in  and 
compress  the  mortar.  And  certainly  this  should  be  done  before  the 
facing,  spandrel,  and  outside  parapet  walls  are  built  upon  the  arches, 
because  a  trifling  change  of  form  in  the  arch  may  occur  by  its  settlement 
without  imparing  its  strength,  but  which  might  crack  and  disfigure  the 
external  face  walls ;  but  if  they  are  not  built  until  the  arch  has  taken  its 
final  set,  there  will  be  no  danger  of  their  being  afterwards  deranged  or 
disfigured.    Arches  have  been  safely  oncentered  immediately  after  keying. 
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and  hxn  Aangtd  tbetr  shape  but  alightlj;  centeringi  han  also  beoi 
Ut  op  one  and  two  moatht,  and  eren  six  montbg,  aod  tboogk  oa  Uuar 
remoral,  the  arches  bare  not  inak  at  all,  jet  tfaej  hare  done  ao  nrraiMiii 
ally  after  the  addition  of  the  weight  of  the  Fa[«rbtractare.  It  u  clear 
that  anj  change  of  abape  in  the  arch  mnst  be  leaa  prejadicial  to  ite 
atnngtb,  while  the  mortar  is  soft,  than  afier  it  has  (et,  for,  shoold  aaj 
■attleneDt  lien  take  place,  the  work  matt  become  crippled. 

When,  bowerer,  a  luge  arch  baa  been  boilt  on  a  solid  centeri^,  or 
oiM  that  cannot  be  properij  and  eqoallj  lowered,  it  maj  be  reqointe  to 
allow  the  arch  to  set,  at  least  partialljr,  before  proceeding  to  lemoTe  soA 
•  centering,  which,  moreorer,  has  probablj  allowed  bj  ita  eompreaaioBi 
of  aome  degree  of  settlement  in  the  arch. 

364.  Bond  of  Stona  Arches.^ — The  svne  general  principle  ia  fol- 
lowed in  arranging  the  joints  and  bond  of  the  masoDrj  of  archea,  aa  m 
other  Btmctnrea  of  cnt  stone.  The  beds  should  be  perpendicnlar  to  Uw 
direction  of  the  thmst  throngh  the  arch-ring,  and  the  side  jointa  shoold 
be  normal  to  the  beda  and  to  the  surface  of  the  soffit,  aod  the  snrfacea  of 
aoj  two  sjsl«au  of  joints  shoold  be  normal  to  each  other  at  their  line*  of 
intnaection. 


In  Hmi-circolar  and  segmental  arches,  the  Toossoirs  are  nsnallj  made 
of  the  same  breadth,  measured  along  the  soffit.  The  jointa  of  each 
conrse  of  Tonseoira  between  the  feces  of  the  arch  are  made  continnons, 
each  of  these  courses  being  termed  a  String  Courae  (as  course  baed), 
and  thurjoints  coursing /oinls  (as  each  of  the  joints^  or  dc)    The  planes 
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^  fte  joints  along  the  soffit  are  not  continnoos,  bnt  break  joint ;    the 
which  correspond  to  two  con8ecati7e   series  of  these  joints  being 
a  Bing  Course  (as  the  ring  of  stones  1,  2, ... ,  10,  as  shown  within 
lines  in  the  figare,)  and  its  joints  heading  joints  (as  joint  ^  in  figure.) 
combination  of  the  ring  and  string  coarses,  the  fitting  of  the 
the  settling  of  the  courses  and  the  bond  are  arranged  in  the  best 

865.    Bond  of  Briok  Arohes. — Brick  is  the  material  most  usually 

fjHufiajeA  in  India  for  the  construction  of  arches ;   the  principles  of  con- 

;:iln6ti0n  are  the  same  both  in  stone  and  brick,  but  in  using  the  former, 

MTf  Toossoir  has  to  be  cut  to  an  exact  form,  with  a  depth  proportionate 

Id  file  weight  of  the  arch  and  its  superincumbent  load. 

In  brick  arches  also,  the  general  direction  of  each  joint  should  be  per- 
fM&oIar  to  a  tangent  to  the  curve  at  that  joint. 

The  simplest  approximate  method  of  keeping  the  joints  in  their  proper 
^tmHoOf  is  by  the  use  of  pieces  of  hard  board  of  1  to  1^  feet  long ;  cut 
OT4  to  the  curve  of  the  arch  on  their  lower  edge,  whilst  their  sides  made 
pnpendicular  to  this  curve,  show  the  direction  of  the  joints. 

Av  elliptical  arches  an  instrument  such  as  that  in  the  figure  annexed 

may  be  used;  An  inextensible  line 
fixed  at  the  two  foci,  reaching  the 
circumference  and  running  freely 
over  a  peg  fixed  in  the  centre  of 
a  semi-circular  protractor,  by  the 
graduation  on  which,  the  line  AO 
^  ^Umwn,  bisecting  the  angle  /A/. 

Another  method  is  to  have  nails  driven  in  at  equal  distances  round 
'"Hi  aieh  at  the  end  of  the  centres,  and  others  driven  in  at  corresponding 
^atances  on  the  chord ;  by  straining  lines  between  these  two,  their  pro- 
"Oiigation  will  give  the  direction  of  the  joint  required. 

866*  When  arches  are  built  with  ordinary  rectangular  bricks  laid 
10  that  the  joints  are  continuous  from  the  under  to  the  upper  side  of  the 
Sfdi,  it  is  evident  that  the  bricks,  though  touching  below,  must  diverge 
li  top,  and  the  wide  joint  thus  occasioned  can  be  filled  only  with  mortar, 
fiiose  resistance  in  large  arches  will  be  insufficient  to  resist  the  pressure 
ironght  upon  it ;  or  the  wide  mortar  joints  at  the  top  of  the  arch  or 
TBiradas  are  filled  in  by  driving  wedges  of  slate  or  other  stone ;  but  these 


m  lUble  to  eanae  tiw  bridn  to  be  broken,  or  to  prodoce  imeqaal  prea- 
■nre,  whereby  the  legolsr  KUing  of  the  arch  maj  be  dutnibed,  ita  Sgnrs 
distorted,  and  ita  atrength  impaired. 

To  obriata  this  iaconreDience,  Kchea  are  genera]1j  boSt  in  concentric 
ringa  one  brick,  or  half-a  brick,  thick,  each  ring  having  the  lower  edges  of 
ha  bricka  toDching  each  other;  Ibna  no  great  divergence  can  take  plaeo 
in  the  joints,  and  as  each  ring  contains  >  greater  nomber  of  bricks  than 
the  ring,  bebw  it,  the  arch  ia  more  solid. 

This  method  sboold  not  be  need  in  arches  of  more  than  30  fee  span 
as  dure  is  duiger  of  tiie  concentric  rings  settling  nneqnallj,  when  tlia 
whole  preasnre  might  bare  to  be  momentariljr  enstained  bj  a  single  ring, 
which  would  be  liable  to  crash  ander  it,  and  thoa  bring  the  pressure  on 
the  next  ring,  which  would  probably  giro  way  in  a  nmilar  manner,  and 
the  whole  arch  thoe  fail. 

In  snudl  arches,  the  method  of 
bonding  through  the  ctwcentrie 
lings,  which  is  shown  in  the  mar^ 
ginal  figure,  is  ,both  effectire  and 
simple,  preclnding  the  necesritj  of 
extra  mortar  towards  the  extra- 
doB,  and  involving  no  cutting  or 
dressing  of  the  bricks,  an  evil  to 
be  avoided  in  brick-woi^  wherever 
it  is  poeeUile. 

Another  plan,  which  may  be  adopted  (except  in  very  6at  segmental 
arches,  in  which  the  length  of  the 
extradofl  and  intrados  differ  but 
little),  is  to  build  the  arch  in  con- 
\  centric  rings,  separated  at  abort  Jn- 
"^  tervals  by  blocks  of  brick- work  boilt 
as  solidly  as  possible,  either  with 
rectangular  bricks  or  with  bricks 
specially  moulded  with  reference  to 
the  positions  they  are  to  occupy  in 
the  arch. 

In  important  stmctures,  however,  such  as  bridges  of  large  span,  it  is 
better  to  employ  the  complete  bond  (as  in  ordinary  wall  bnitdiog)  through 
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the  i?ho]«  depth  of  the  arch,  either  nsiog  bricks  sped  all  jil'moiilded,  OT 
carefall;  cutting  the  OTdioary  bricks  to  the  proper  wedge  form. 

In  this  mode  of  boildiog,  each  half  arch  maj  be  considered  as  a  bent 
wall,  whose  bed  joints 
are  not  exactly  par- 
allel, bat  normal  to 
the  shorter  carved 
side — the  intradoa  of 
the  arch. 

The  marginal  sketoh 
ehowB  a  form  of  nedgo 
bricks  used  bj  Major 
Porlong,  Sapdg.  En- 
gineer. A  string 
course  of  wedge  bricks 
is  introduced  at  true 
calculated  distances 
so  as  to  restore  at 
that  point  the  true 
radiation  of  the  wedge 
joint ;  the  intermediate  string  courses  being  lud  with  parallel,  not  radia- 
ting, bed  joints. 

367.  Flat  Arches  are  used  instead  of  wood  or  atone  lintels  over 
square  headed  windows  and  doors.  The;  are  generally  a  brick  and  a 
half  thick,  and  the  bricks  sbonld  be  very  carefully  cut  or  moulded  to  shape 
and  set  in  the  best  mortar.  They  should  always  have  semi-circular  or 
segmental  discharging  arches  orer  them,  {see  Plate  XL VII). 

368.  A  Rampant  Arch  is  one  whose  springings  are  on  different 
levels.  As  one  impost  joint  must  be  obJiqne  to  the  borison,  care  mnst 
be  taken,  if  this  obliqnity  be  not  less  than  the  angle  of  friction  of  the 
stone  used,  either  to  cnt  the  impost  into  steps,  or  else  to  use  some  spitablo 
bond  or  nietal  cramps  and  bolts  to  prevent  disjanctlon  between  the  arch 
and  abutment. 

369.  Inverted  Arches  or  Inverts  are  discharging  arches  which 
are  built  under  openings — their  nse  being  to  distribute  the  superincnm- 
bent  weight  equally  over  the  substructure,  or  along  the  foundation,  as  the 
case  may  be.    Arches  of  two  half  bricks  are  anfTicient  for  ordinary  pnr- 
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poses ;  in  large  and  heavy  works,  arches  of  three  half  bricks,  and  ena 
greater,  may  be  judged  necessary.  Any  arc  between  a  quadrant  and  a 
semicircle  may  be  used  with  advantage  :  bnt  an  arc  of  less  than  45*  en- 
not  be  recommended  for  the  inverted  discharging  arch  under  piers,  ff 
it  should  so  happen  that  an  old  well  or  cess-pool,  that  cannot  withoot 
great  inconvenience  and  expense  be  filled  up  with  sound  walling,  or  ii 
some  other  efficient  manner,  or  other  irremediably  bad  place,  occor  in  a 
foundation,  and  fall  under  a  pier,  the  ground  being  sound  on  either  sidt 
of  it,  a  second  discharging  arch  may  be  formed  under  the  pier  and  OTcr 
the  unsound  part,  resting  its  legs  on,  or  springing  from,  the  inverted  ank 
nnder  the  opening,  and  on  the  sound  ground, 

Plate  XLVII.  shows  an  elevation  and  plan  of  part  of  the  wall  sur- 
rounding one  of  the  great  London  Prisons,  which  was  built  upon  groiud 
over  which  was  deposited  artificial  soil,  varying  from  20  to  6  feet  deep.  By 
the  use  of  buttresses  and  inverts,  as  shown,  a  great  economy  of  construe- 
tion  was  obtained. 

370.  Underground  Arches  Tunnels,  Culverts. — If  UiedqA 
of  a  buried  archway,  such  as  a  tunnel  or  culvert,  beneath  the  surface  of  the 
ground,  is  great  compared  with  the  height  of  the  archway,  the  propff 
form  for  the  line  of  pressures,  which  must  be  within  the  middle  third  of 
the  thickness  of  the  arch,  is  an  Elliptic  linear  arch,  in  which  the  ratio  of 
the  horizontal  to  the  vertical  semi-axis  is  the  square  root  of  the  ntio  of 
the  horizontal  to  the  vertical  pressure  of  the  earth  ;  that  is  to  say, 

horizontal  semi-axis.    /  p^    //  1  —  sin  ^\  ,-^ 

vertical  semi-axis  J   p     "y  V  1  +  sin  ^/    ^  '* 

^  being  the  angle  of  repose. 

If  the  earth  is  firm,  and  little  liable  to  be  disturbed,  the  proporiMMi  of 
the  half  span,  (or  horizontal  semi-axis,)  to  the  rise,  (or  vertical  semi-azis,) 
may  be  made  greater  than  is  given  by  the  preceding  equation,  and  thi 
earth  will  still  resist  the  additional  horizontal  thrust ;  but  that  propoftiM 
should  never  be  made  less  than  the  value  given  by  the  equation,  or  lbs 
side  of  the  archway  will  be  in  danger  of  being  forced  inwards. 

In  a  drainage  tunnel  or  culvert,  the  entire  ellipse  may  be  used  as  tbo 
figure  of  the  arch ;  but  in  a  railway  tunnel,  where  it  is  necessary  to  havo 
a  flat  floor,  the  sides  and  roof  of  the  tunnel  comprise  in  height  the  upper 
two-thirds,  or  three-fourths,  of  the  ellipse,  which  is  closed  below  by  a 
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r  segmental  inTerted  ardi  of  sliglit  canrainre,  its  depression  being 

;fath  of  its  span,  or  thereabouts.     By  this  mode  of  construction  the 

1  pressure  of  ihe  sides  of  the  tunnel  is  concentrated  upon  founda- 

Hirses,  directly  below  them,  from  which  they  spring.     The  ratio 

the  entire  width  of  the  tunnel,  measured  outside  the  masonry  or 

ork,  bears  to  the  joint  width  of  that  pair  of  foundations,  must  not 

the  limit  of  the  ratio  of  the  weight  of  a  building  to  the  weight  of 

iisplaoed  by  it.    The  inverted  arch  serves  to  prevent  the  foundations 

sides  of  the  tunnel  from  being  forced  iuwards  by  the  horizontal  pres- 

f  the  earth. 

exact  form  for  the  line  of  pressure  in  the  sides  and  roof  of  a  tunnel 

jeostcitic  arch.    This  principle  requires  attention,  when  the  roof  of  the 

is  near  the  surface.     Let  Xo  be  the  depth  of  the  crown  of  the 

,  and   X|  that  of  its  greatest  horizontal   diameter,   beneath  the 

)•   From  those  ordinates  as  data,  design  a  hydrostatic  arch ;  contract 

ffiaontal  ordinates  of  that  arch  in  the  ratio  c  :  1  {^see  equation  1); 

le  result  will  be  the  figure  of  the  geostatic  arch  required. 

)  greatest  intensity  of  pressure  in  a  buried  archway  occurs  usually  in 

les,  at  the  ends  of  the  shorter  diameter  of  the  oval  intrados  ;  and 

intensity  is  given  approximately  by  the  following  equation.      Let 

I  the  depth  of  the  shorter  diameter  below  the  surface  of  ground,  h' 

alf  span  of  the  archway,  a'  its  rise,  t  the  thickness  of  iU  side,  w 

eight  of  a  cubic  foot  of  the  earth ;  then  the  greatest  pressure  in  lbs, 

n  square  foot,  is 

w  \  X,  (J'  +  O  -08  a' 6*1 

9  =  — -t ^    • (2). 

tilts  should  not  exceed  the  resistance  of  the  material  to  crushing, 

ed  by  a  proper  factor  of  safety. 

appears  that  in  the  brickwork  of  various  existing  tunnels,  the  factor 

Pety  is  as  low  Sisfour.     This  is  sufficient,  because  of  the  steadiness  of 

)id;  but  in  buried  archways  exposed  to  shocks,  like  those  of  culverts 

r  high  embankments,  the  factor  of   safety  should  be  greater ;   say 

eight  to  ten, 

3W  small  soever  the  load  may  be,  there  is  a  certain  minimum  thick- 

ior  an  under-ground  archway,  for  determining  which  the  following 

rical  rule,  (exactly  similar  to  that  for  finding  the  depth  of  the  key- 

)  of  an  arch,)  has  been  deduced  from  practical  examples.     The  rise 
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and  half-span  being  denoted  as  before  by  a'  and  hi  oompnte  appraiK 
mately  the  longest  radius  of  curvature  of  the  intrados  by  the  fonniiU 

'•=^ (»x 

then 

least  thickness  t  in  feet  =  f>Jol2r (Iji 

This  is  applicable  where  the  ground  is  of  the  firmest  and  safest  kqi 

In  soft  and  slippery  materials,  the  thickness  ranges  from  onct  and  a  yf 

to  double  that  given  by  equation  4 ;  that  is  to  say, 

from  Vo-27  r  to  VO-48  r (^ 

The  thickness  of  an  under-ground  arch  at  the  crown  may  be  madekn 
than  at  the  sides  in  the  ratio  V  :  a' ;  but  the  more  common  practice  is  to 
make  it  uniform. 

371.    Oblique  Arches.—In  the  arches  that  have  been  hitherto  dti- 
cribed,  the  plan  is  rectangular,  the  faces  of  the  abutments  being  peipa- 
dicular  to  the  front  of  the  arch,  and  each  course  of  masonry  is  laid  pml- 
lel  to  the  abutments.     In  a  skew  or  oblique  arch,  it  is  not  possible  to  Iqf 
the  courses  parallel  to  the  abutments,  for,  were  this  done,  the  throit  \ria% 
at  right  angles  to  the  direction  of  the  courses,  there  would  beag^ettpo^ 
tion  of  the  arch  on  each  side  that  would  have  nothing  to  keep  it  fna 
falling.     Ill  order  to  obviate  this,  the  courses  must  be  laid  at  right  logkl 
to  the  faces  of  the  arch,  and  at  an  angle  with  the  abutment,  and  thiiitil 
which  produces  the  peculiarity  of  the  skew  arch.     When  such  arches  i» 
built  of  stone,  much  nicety  is  required  in  shaping  the  voussoirs,  but  iritk 
brick  they  may  be  built  with  nearly  as  much  facility  as  ordinary  arcLe*. 
The  difficulties  attending  the  construction  of  oblique  arches,  havebcett 

avoided  by  indenting  the  faceof  tk» 
.^  ^^, ^-.^_ „/ abutments,  and  building  tie  irc^ 


^^^^^  in  cylindrical  rings  (stt  maigi»** 

.^MS^IEE=^^0-^  cut),  but  this,  though  successfully 

y  /  executed  in    several   bridges  OTe» 

Railways  in  Europe,  is  manifestly 
a  makc-Bhift;  the  extrados  is  irregular,  and  there  can  be  no  thorough* 
bonding  of  the  ribs  composing  the  arch. 

372.  Preparatory  to  the  exe..  lUion  of  a  skew  arch,  a  large  drawing  of 
the  soffit  must  be  prepared,  showing  the  exact  figure  and  position  oi 
every  arch-stone.     Tliat  drawii>-  represents  the  curved  surface  of  tlw 
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Bfc  «8  if  it  were  $pread  out  flat,  and  is  called  the  <<  development "  of  that 
ned  surface.  In  general  it  is  sufficient  to  draw  one-half  of  the  soffit, 
«  other  half  being  similar.     The  following  are  the  processes  by  which 

Mi  drawing  is  prepared : — 

I    To  draw  the  development  of  the  soffit^  and  of  its  vertical  sections  on 
iliki9.^In  Fig.  1,  No.  2  represents  a  plan  of  one-half  of  the  arch. 

Fig.  1. 


IIO.U 


l&E  being  the  crown  of  the  soffit,  and  IBL  the  face  of  the  one  of  the 
vbnents.  The  line  AGB  represents  the  position  of  a  vertical  section 
I  iMiteff,  and  AED,  perpendicular  to  HK,  that  of  a  vertical  section  on 
tifMre;  BAD  being  the  angle  of  obliquity. 

Amune  any  convenient  number  of  points  in  HI,  through  which  draw 
Mt  of  lines  (such  as  ECEG)  parallel  to  HK,  and  also  a  set  of  lines  per- 
MBealar  to  HI.  Draw  OB  parallel  to  HI,  cutting  these  lines  ;  and  on 
B  M  half-span,  construct  the  vertical  section  of  the  arch  on  the  skewj 
v^ie&ted  by  No.  1 ,  in  which  ACB  ia  the  line  on  the  soffit  corresponding 
kCB  in  No.  2. 

bnatruct  the  vertical  section  on  the  square,  (No.  8,)  by  drawing  OD  paral- 
•oAD  to  represent  the  half-span  on  the  square,  and  transferring  the  ordi« 
s^of  No.  1  to  the  corresponding  points  in  No.  3 ;  for  example,  FC  to  GE. 
Thfgk  construct  the  development  No.  4  in  the  following  manner : — 
►dace  the  centre  line  of  the  soffit,  HAKAOHAK.  From  any  con- 
i«&t  point  A,  (No.  4,)  draw  AED  perpendicular  to  HK,  in  which  take 
^•nees  A£,  AD,  &c.,  &c.,  equal  in  length  to  the  arcs  A£,  AD,  &c., 
<4  are^  cut  off  on  the  curve  AED,  (No.  3,)  by  its  several  ordinates. 
^n  will  the  straight  line  AED,  (No.  4,)  be  the  development  of  the 
-wn  on  the  square,  AED,  (Nos.  2  and  3).  Tlirough  the  points  of  divi- 
^of  AED,  (No.  4,)  draw  lines  parallel  to  HK,  such  as  EC,  IDBL, 
>  On  which  lay  off  ordinates,  such  as  EC,  DB,  i&c,  equal,  respectively, 
be  corresponding  ordinates,  EC,  DB,  &c.,  in  the  plan,  (No.  2,)  and 
'Ogh  the  ends  of  those  ordinates  draw  a  curve  ACB,  (No.  4) ;  this 
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¥rill  be  the  deyelopment  of  the  vertical  section  on  the  skew,  ACB  (Noi»  1 
and  2). 

Draw  also  the  carves  HI,  KL  parallel,  similar,  and  eqoal  to  AO^ 
and  at  distances  from  it  on  either  side,  HA  equal  to  AK,  of  half  the  Imgk 
of  the  archway.    Then  IHKL  will  be  the  development  of  half  the  hCL 
Draw  IM  and  LN  perpendicular  to  XL ;  then  MILN  will  be  the  deralop 
ment  of  part  of  the  face  of  an  abutment.     Draw  also  any  convenient  na- 
ber  of  intermediate  curves,  such  as  those  shown  by  dots,  parallel,  liaili^ 
and  equal  to  ACB,  to  represent  the  development  of  several  panlld  An 
vertical  sections  of  the  soffit,  and  to  indicate,  at  the  same  time,  the  dine- 
tion  of  the  thrust  at  each  point  which  they  traverse.    These  may  be  oM 
"  curves  of  pressure.  ** 

II.     To  draw  on  the  development  of  the  soffit,  the  bed-Joints  (mitUh 
joints  of  true  courses, — The  bed-joints  are  drawn  by  sketchiDg  with  lb 
free  hand  a  series  of  curves,  cutting  all  the  curves  of  pressure  at  nf^ 
angles,  and  called  the  orthogonal  trajectories  of  the  curves  of  fitum. 
The  side-joints,  being  perpendicular  to  the  bed-joints,  are  parts  of  comi 
of  pressure  themselves  {Fig.  2).     The  courses  become  thinner  towudi lb 
Fig.  2.         acute  angle  of  the  abutment,  and  tliicker  towtrdi  h 
obtuse  angle,  so  that  it  may  be  sometimes  advinbkti 
introduce  intermediate  bed -joints  near  the  obtmea^ 
as  shown  at  0,  P,  in  Fig.  2.     In  the  diagnmi,Al  ^ 
arch  springs  vertically  from  the  abutments,  so  thitaoDii 
of  the  bed-joints  intersect  the  line  of  springing,  I  I^t 
to  which  they  are  all  asymptotes.     Had  the  arch  been  segmental,  sooD^ 
of  the  bed-joints  would  have  intersected  that  line  obliquely,  making 
sary  the  use  of  skew-backs  of  the  kind  shown  in  Fig.  3,  but  not 
oblique. 

As  the  joints  shown  in  Ftg.  2,  are  difficult  to  execute,  spiral-joiotB 
Fig.  3.  used  in  practice  as  an  approximation. 

III.     To  draw  on  the  development  of  the  sofit 
bed-joints  and  side-joints  of  spiral  courses. — On 
development  of  the  soffit,  draw  a  series  of 
equidistant  straight  lines,  perpendicular  to  the 
tion  of  the  thrust  at  the  crown  of  the  arrh;  these 
represent  the  bed-joints,  and  the  side-jointe  wiU  bt 
perpendicular  to  them.     Between  I  and  L  are  shown  the  skew-back^  cr 
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which  connect  the  filantiog  conrses  of  the  arch  with  the  horizontal 
of  the  ahutment. 

873«  In  the  skew  arch,  the  abutments  are  not  nniformly  loaded,  and 
nir  thickness  should,  therefore,  be  suitably  regnlated  ;  the  thmst  too  be- 
aghn  regular  than  in  a  common  arch,  it  is  still  more  important  that  in 
Mk  arches  the  centerings  be  taken  down  before  the  mortar  is  set,  so  that 
biqiiilities  of  pressure  may  be  distribnted  among  all  the  mortar  jointa 
mi  lubseqaent  cracks  be  avoided. 

Ibe  centerings  for  skew  arches  can  be  made  as  for  ordinary  arches  ^ 
mi  for  small  arches  of  this  description  the  spiral  joints  can  be  mar&ed  in 
Ihi  foDowing  manner. 

Htring  made  the  centering  in  the  rough  way  usual  in  India,  and  moulded 
A6  top  of  it  with  mud  and  sand,  provide  a  plank  with  properly  squared 
•dsMlong  as  the  intrados  of  the  arch,  about  9  inches  wide,  and  very 
Ail  tnd  Oexible.  Lay  this  plank  on  the  edge  of  the  centering  mould 
vidk  one  of  its  edges  co-iuciding  with  the  face  of  the  arch,  making  its  sur- 
fae  touch  everywhere.  The  long  edges  of  the  plank  will  indicate  the  lines 
if  tbe  string  courses,  and  the  short  ends  at  right  angles  will  show  the 
iKB  of  the  toothings  to  be  built  on  the  edge  of  the  abutment.  By  mov- 
Bg  the  plank  equal  spaces,  and  ruling  along  its  edge,  parallel  lines  may  be 
dnwn  on  the  mould,  at  the  half-brick  width,  which  will  show  the  workmen 
tto  bonding  of  every  course.  The  bricks  in  obliqne  arches  radiate  as  in 
V'Kt  arches,  and  are  set  in  right  angles  to  the  curve  in  the  same  way. 

374.  Domes — The  stone  dome  is  a  roof  either  hemispherical  or  of 
0^  other  curve,  constructed  to  cover  a  circular,  elliptical,  or  polygonal 
'^  and  in  all  cases  its  wall  of  support  should  be  of  great  strength. 
^en  the  plan  is  circular,  the  basement  and  drum  on  which  the  dome 
*^  ahonld  be  bnilt  of  massive  masonry  in  horizontal  courses,  the  cours- 
?  joints  of  the  superstructure  forming  the  hemisphere,  which  is  hollow, 
^'^  also  horizontal ;  their  bed  joints  are  the  surfaces  of  right  pyra- 
^«  having  one  common  vertex  in  the  centre  of  the  hemispheric  surface, 
*  ^Iso  one  common  axis,  so  that  the  conic  surfaces  will  terminate  upon 
^  Bpheric  surface  in  horizontal  circles.  In  further  elucidation  of  the 
11^^  we  may  state  the  joints  between  any  two  stones  of  any  conrse  are  in 
'^ical  planes  passing  through  the  centre  of  the  spheric  surface,  and  con- 
L^«ntly  they  will  intersect  each  other  in  one  common  vertical  straight  line, 
^ing  through  the  ppheric  surface  from  the  base  of  the  dome  to  its  apex. 
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The  lino  in  which  all  the  planes  that  pass  through  the  vertietl  jomfi 
interflcct,  is  cnllod  the  axis  of  the  dome.     The  circumference  of  tlie  bori- 
zontal  circle,  which  passes  through  the  centre  of  the  spheric  soHace,  ii 
called  the  equatorial  circumference^  and  anj  portion  of  this  curre  is  eilU 
an  equatorial  arc.     The  circumferences  of  all  the  courses  of  stonciaboii 
the  base  or  springing-line  of  the  dome,  which  are  parallel  to  the  eqnaioml 
circle,  are  called  parallels  of  altitude.     The  intersection  of  the  axis  ladfk 
spheric  surface  is  called  the  pole  of  the  dome.     The  arcs,  between  the  poll 
and  the  base  of  the  dome,  of  the  circles  formed  on  the  curved  saHaoeky 
planes  which  pass  along  the  axis,  are  called  the  meridians,  and  anjportki 
of  these  meiidians  are  called  meridional  arcs.     The  conical  surfaoeiofib 
coursing  joints  terminate  upon  the  hemispheric  surface  of  the  done  k 
parallels  of  altitude,  and  the  surfaces  of  the  vertical  joints  tenniniliii 
the  meridional  arcs. 

Hence,  in  domes  where  the  extrados  and  intrados  are  obtMoed  bj  en- 
centric  hemispherical  surfaces,  two  apparent  sides  of  each  stone,  contiiMl 
between  two  meridional  arcs  and  the  arcs  of  two  parallel  ciidei,  an 
spheric  rectangles,  the  two  sides,  forming  their  vertical  joints,  being  tio 
equal  and  similar  frusta  of  circular  sectors ;  and  the  other  two  sides,  foni- 
ing  the  beds  of  the  stones,  are  frusta  of  conic  surfaces. 

It  is  universally  admitted,  bj  those  who  have  paid  attention  to  tbi 
forms  of  domes,  that  the  strictly  semi-circular  sectional  shape  is  wentiig 
in  grace  and  that  imposing  effect  of  altitude  and  dignity  so  eminentlj 
conducive  to  grandeur  of  result,  and  more  particularly  for  its  strengtL 
The  upper  part  of  a  semi-circular  dome  presenting  a  surface  for  some 
extent  comparatively  flat,  docs  not  offer  the  advantages  for  eqatlising 
the  pressure  around  its  centre  and  some  distance  down  towards  it* 
springing,  as  a  dome  worked  from  two  centres.  In  illustration  of  tbia, 
we  refer  our  readers  to  the  P/a/g,  No.  XLVIII.,  in  which  it  will  be  obserr- 
ed,  that  satisfactory  effects  may  be  produced  by  using  the  most  simple 
means  with  the  greatest  facility,  by  adopting  the  parabolic  or  catensrin 
forms,  such  as  were  employed  at  St.  Peter's,  at  Home ;  the  Panthceii 
Paris ;  and  St.  Paul's  Cathedral,  London. 

In  producing  the  peculiar  form  of  dome,  as  shown.  Fig.  1,  diri^e  tbe 
internal  base  line  AB  into  7  equal  parts,  then  erect  the  perpendicolir 
line  DCE  at  right  angles  to  it,  and  from  the  centre  D  describe  the  somi- 
circle  ACB,  as  shown  by  the  dotted  line,  which  in  contrast  with  tbe 


PLATS  xiriB. 


,  ! 


!! 


''A 

•f  1 


'it' 
'  It 


( BvB  ■■ 


nil 


,  • 


IRCHINO.  877 

line  of  the  onter  dome,   as   displayed  at  1,  2,  8,  4,  &c.,  pcoyes  the 
inferiority  of  the  purely  semi-circular  form. 

To  find  the  centre  for  describing  the  outer  curve  of  the  dome,  at  the 
division  6  of  the  base  line  AB,  make  the  line  6G  at  right  angles  to  it, 
and  equal  to  one-fourth  of  one  of  the  divisions  Al — 1,  2,  &c.,  when  the 
point  G  gives  the  centre  from  whence  the  outer  curve  is  drawn,  and  also 
is  the  centre  from  which  all  the  joints  must  radiate  that  form  the  onter 
crust  of  the  dome.  F  is  the  cornice  at  the  springing  of  the  dome,  and 
below  it  is  a  portion  of  what  is  techincally  called  the  drum  or  tambour  of 
the  structure.  It  is  most  desirable  to  give  to  the  base  of  the  dome  a 
portion  of  the  vertical  above  the  cornice,  to  compensate  for  a  part  of  the 
fore-shortening  in  perspective,  caused  by  the  projection  of  the  cornice,  and 
prevent  that  appearance  of  the  curve  having  been  described  much  below 
the  uppermost  line  of  the  cornice. 

Fig.  2  is  the  half  plan  of  the  dome,  taken  through  the  lantern,  with  its 
cornice  and  tambour,  showing  all  the  horizontal  and  vertical  joints  of  the 
work.  It  is  scarcely  necessary  to  observe,  as  will  be  seen,  that  the  whole 
of  the  vertical  joints  must  tend  accurately  to  the  centre  O. 

Fig.  3  exhibits  the  elevation  of  a  dome  in  perspective,  on  which  the 
two  usual  modes  of  construction  are  illustrated.  The  left  side  is  formed  in 
horizontal  courses,  and  the  right  by  means  of  stone  ribs,  filled  in  between 
with  rubble- work  or  concrete,  the  latter  mode,  having  been  adopted  in 
the  building  of  the  Pantheon,  at  Home.  XXXXXX  is  the  equatorial 
line  of  the  dome ;  the  lines  dd^  ee^  Jf^  and  gg^  &c.,  are  the  parallels  of 
altitude. 

Fxg,  4,  illustrates  the  form  of  the  stones  required  in  the  construction 
of  a  dome  of  this  description.  Bl  shows  the  shape  of  the  stone  in 
perspective,  after  having  been  hewn  from  the  rough  block.  B3,  is  the 
plan  of  the  stone  at  its  lower  bed,  and  B2  is  its  end  elevation.  It  haa 
been  already  observed,  that  the  whole  of  such  stones  are  spherical  rectan- 
gles, the  extrados,  or  upper  surfaces,  of  which,  are  of  course  convex,  and 
their  intrados,  or  under  surface  concave.  In  the  sectional  cut  through 
the  dome,  at  o,  n,  m,  /,  Ar,  and  A,  the  ends  of  the  stones  are  seen  in  per- 
spective, and  at  D  is  shown  a  void  or  opening  at  the  top,  with  the  base 
for  a  lantern. 

375.  Constructively  considered,  it  must  be  borne  in  mind  that  the 
stability  of  a  dome  depends  upon  the  proper  application  and  action  of  a 
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very  different  principal,  from  that  whidi  operates  in  tbe  eiae  of  fit 
ordinary  arch;  and,  as  a  general  role,  being  correctly  baili  with  refenvi, 
to  such  different  and  peculiar  principle,  its  relatiye  aecarity  and  pour 
is  greater  and  more  extended.     The  dome  also  differs  in  another  ■• 
portant  point,  namely,  it  may  be  left  unperfected,  or  open  at  the  apav . 
top,  as  represented  in  the  Plate  just  referred  to.     This  is  owing  to  Ai 
several  joints  of  the  masonry  being  formed  to  tend  equally  in  trtijftd 
to  the  centre  of  the  hemisphere  as  a  common  centre.     In  an  aid  rf 
equilibrium,  therefore,  such  as  the  dome  essentially  is,  the  open  ipa  i 
unclosed  top,  may  exist  without  prejudice  to  its  pow^r  of  sustaioiiif  af 
minor  or  superincumbent  structure,  (such  as  the  usual  feature  of  a  lute 
before-mentioned,)  the  weight  of  which   shall  not  exceed  that  of  di 
crowning  circular  segment  of  the  dome  which  is  omitted.     A  load  grata 
than  this  would  so  act  as  to  dislodge  the  upper  portion  of  theta^ 
by  causing  an  upward  spring  or  tendency  in  some  of  the  cooxmi  m 
the  opening. 

376.  If  a  dome  rises  nearly  vertical  with  its  form  spherical,  mii 
equal  thickness,  it  should  be  confined  by  a  chain  or  hoop,  as  aooaaili 
rise  reaches  to  about  |^ths  of  the  whole  diameter,  in  order  thatthelNV 
parts  may  not  be  forced  out :  but  if  the  masonry  be  diminished  in  thiftaw 
as  it  rises,  this  precaution  will  not  be  necessary. 

Where  the  weight  of  a  dome  is  equally  distributed  over  the  ana,  to 
the  curve  of  equilibrium  is  a  cubic  parabola,  and  if  ^ih  of  the  ni^ 
supported  be  multiplied  by  the  diameter,  and  the  result  divided  by  Ai 
rise,  the  quotient  is  the  horizontal  thrust  ending  to  separate  and  oins-^ 
the  supporting  wall. 

When  the  weight  increases  from  the  centre  to  the  circomierai* 
in  proportion  to  the  distance  from  the  centre,  then  the  curveiaali- 
quadrate  parabola,  Jth  of  the  weight  should  be  taken  instead  of  JtL 

The  horizontal  thrust  of  the  dome  will  be  wholly  counteracted  bft 
resistance  to  tension  in  the  circle,  equivalent  everywhere  to  |ik  Ikl 
horizontal  thrust :  and  when  this  strain  is  amply  provided  for,  dte 
by  the  bond  and  substance  of  the  walls  at  the  springing,  or  by  diaiaadl 
iron,  the  dome  will  be  secure  at  whatever  height  from  the  ground  it  nq 
spring,  if  the  vertical  walls  or  pillars  be  sufficiently  strong  to  resist  A 
weight  upon  them. 

377.   Vaulting  is  an  application  of  the  arch  principle  to  a  leagdia 
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A  sm;  a  wmit  being  an  aiched  eoTering  of  gpreaier  or  leiMi  continoanee, 
IHuiiiig  «  more  or  less  extended  space. 

■  A  cylindrical  Tanit  is  simply  a  semi-circalar  arch,  the  ends  of  which 
^  dosed  by  npright  walls,  as  shown  in  Fig.  1.  When  a  ranlt  springs 
Phn  dl  the  sides  of  its  plan,  as  in  Fig.  2,  it  is  said  to  be  coved.    When 


ia.l. 


Fig.%. 


Fig.S. 


Fig.^. 


t 

p 


cylittdrical  ranlts  intersect  each  other,  as  in  Fig.  3,  the  intersections 
Stflbe  Taolting  surfaces  are  called  groins^  and  the  vanlt  is  said  to  be 
gnML 

*  In  the  Boman  style  of  architecture,  and  in  all  common  Tanlting,  the 
'MAing  sorfaces  of  the  sereral  compartments  are  portions  of  a  con- 
(Mnoos  cyfindrical  surface,  and  the  profile  of  a  groin  is  simply  an  obliqne 
litetini  of  a  semi-cylinder. 

'f  Gotiiic  ribbed  Tanlting  is,  howerer,  constmcted  on  a  totally  different 
Jriaciple.  It  consists  of  a  frame-work  of  light  stone  ribs  supporting 
4lh  panels,  whence  this  mode  of  construction  has  obtained  the  name  of 
M  flMf  panel  yaulting.  The  curvature  of  the  diagonal  ribs  or  cross 
^riagers,  and  of  the  intermediate  ribs,  is  not  governed  in  any  way  by 
^  fbim  of  the  transyerse  section  of  the  yault,  and  in  this  consists  the 
I^Mliarity  of  ribbed  yaulting.  This  will  be  understood  by  a  comparison 
^  lOffi.  8  and  4. 

la  Boman  yaulting  when  the  diameter  of  the  intersecting  drcular 
9iBder  are  inequal,  the  yault  is  called  by  workmen  a  Welsh  groin. 

•  878.  Principles  of  Brick-vaulting. ^^li  is  beyond  the  province  of  this 
IDik  to  describe  in  detail  the  mode  of  construction  of  the  numerous  and 
qaiied  kinds  of  ribbed  yaulting  adopted  in  different  countries  and  ages : 
nd  which  adorn  the  Cathedrals  of  England  and  Europe. 

Hie  principal  medisBval  forms  were  the  "  Plain  ribbed, "  the  '*  Lieme  '* 
nd  the  ''  Fan  "  vaults :  differing  much  from  one  another  in  architectural 
aaign  and  mechanical  construction.  Ribbed  yaulting  subsequently  fell  into 
iaiiae  and  the  principle  of  solid  vaulting  with  elliptic  groins  was  renewed. 


In  FlaU  XLIX^  Fi§.  1  ezhibiU  the  pkn  of  «  toaamtm  neUmgmlag 
gToin.  tbe  thaSowtd  psrt«  being  Uie  horizoQUl  cectfcns  of  the  piers,  mmd 
the  duigonnl  lines  tbe  plans  of  tbe  groins  or  angles :  Fb/-  ^  exbibiu  sn 
Oration  or  rigbt  section  tbrongb  tbe  principal  arcb  of  the  groined  sererj,* 
nni  I^ig.  Z  an  eleratioa  or  rigbt  section  of  tvo  of  tbe  transept  arches. 
Jig.  4  exhibits  tbe  intrados  of  one  of  tbe  transept  arches  extended  npon 
a  plane ;  and  Pig.  5  exbibiU  tbe  intrados  of  tbe  two  opposite  parts  of  one 
oi  the  principal  arcbes. 

In  order  to  trace  tbe  forms  of  the  ribs  of  a  common  cjiindrical  groin 
npon  a  rcdangnlar  plan,  let  AB,  Fig.  1,  be  tbe  base  of  one  of  the  tran- 
sept arcbeSf  at  right-angles  to  tbe  axis  of  tbe  opening,  and  let  Ahc ...  B  be 
tbe  section  of  tbe  intrados  of  that  arch,  being  a  semi-circle,  of  which  the 
diameter  AB  is  tbe  base  of  the  arch.  In  tbe  section  of  tbe  intrados  of 
the  semi-circniar  are  of  the  transept,  wbicb  is  tbe  giren  section^  take  anj 
number  of  points,  a,  h^  c,  &c.y  and  from  tbe  points  a,  6,  c,  &c^  draw  the 
stiaigbt  lines  bh^  dk^  d,  dx.,  to  meet  the  base  AB.  From  tbe  points  A, 
i,  hj  &c.y  in  the  base  line,  AB,  of  tbe  g^ren  rib,  draw  straight  lines  AA% 
iT,  kl'^  &e,j  parallel  to  tbe  axis  of  tbe  cjiindrical  sarfaces  of  tbe  transept 
arcbes  tbat  is  perpendicnlar  to  AB,  and  from  tbe  points  k'y  T,  k\  S^c^  ia 
the  plan,  CD,  of  tbe  diagonal  rib,  draw  tbe  straigbt  lines  k'b\  iV,  J^d^^ 
Ac.,  perpendicnlar  to  CD,  as  ordinates.  Make  tbe  ordinates,  k'b\  iV, 
k'd^^  dx.,  snocessirelj  eqnal  to  the  ordinates  hb,  ic^  kdy  &c.,  of  the  semi- 
eircnlar  arc  of  the  rigbt  section,  and  from  the  point  C,  and  tbioogh  the 
points  b\  ^,  tty  d^c,  draw  tbe  carre  Qb'cd ...  g'y  and  C  ...  d^  ...  g  is  tbe 
corre  of  tbe  groin  line  orer  CD.  Let  Gn  be  half  tbe  base  of  tbe  rib  orer 
tbe  principal  opening ;  then,  in  order  to  draw  tbe  section  of  tbe  intrados 
of  tbe  half- rib  orer  Gfi',  draw  the  straight  lines,  A'A*,  ft*,  k'k"^  dbc, 
parallel  to  tbe  axis  of  the  principal  raalt,  and  from  tbe  points  A^,  t*,  k"^ 
&c.,  in  the  half  base  Cn',  draw  tbe  straight  lines  A'6'',  t'c'*',  k^dT^  drc, 
perpendicnlar  to  Gn^,  as  indefinite  ordinates.  Make  A'^^'^,  Tc',  l^dT^ 
&c.,  respectivelj,  eqaal  to  A5,  tc,  kdy  d^.,  of  the  semi-circnlar  arch,  and 
from  tbe  point  G,  and  throagh  the  points  ^VcT...  p",  draw  tbe  corre  O 
•••  dT  •••  ^y  which  will  be  the  section  of  the  intrados  of  the  principal 
arch. 

379.  For  Tsnlts  and  all  other  unloaded  arches,  it  is  foand  that  with 
similar  span  and  height,  Gothic  arches  of  two  segments  bare  the  least 
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For  the  Tnitt  noae  bat  tli«  beit  and  hmtiest  brxks  ibooM  be  ncd,  the 
jcinta  ibcoli  b<  m  fia«  m  poesibley  and  cemented  with  hjdrulie 
rerj  tboroaghlr  f[r*nik^ 

In  raalu  boX  intended  to  bear  anr  gm:  extra  weigbt,  the 
tiboald  be  allowed  to  set  thoroog'hlj  before  the  maoral  of  tbe 
ngf  tt^^tullj  m  from  their  thinness  and  exposure  to  the  atmo^ikere, 
H  will  be  difSenlt  to  prerent  the  joints  from  setdnz  paztiallj  bclbra 
the  raolt  ii  completed,  and  thi§  partial  setting  woold  probablj  be  the 
cease  of  craeks  in  the  ranlt  from  nneqoal  resisunce  to  the  setdemoit  of 
the  briek-work* 

38L  Ceniermg^f-^X  snbstantial  centering  to  enpport  the  whole  rool^ 
mott  be  prepared ;  bat  if  it  is  not  probable  that  the  centering  will  aooa 
be  reqoired  for  other  boildings,  it  will  often  be  more  economical  to  adopt 
the  Indian  mode,  consisting  of  nnmeroos  pillars  of  bricks  cemented  with 
mnd,  connected  at  top  with  ttrong  rongh  timber,  orer  which  is  laid  brick- 
work, like  that  of  the  pillars,  to  obtain  the  cnrre  intended  for  the  ranli, 
which  is  finLihed  and  made  qaite  smooth,  bj  a  plaster  of  soorkee  mixed 
with  cow-dang.  The  carre  sboald  be  ganged  with  wooden  frames  like 
an  inrerted  arch,  to  ensnre  its  accaracj,  and  it  will  be  well  to  mark  tat  the 
sides  of  Uiis  gaage,  tbe  joints  of  the  intended  arch,  so  as  to  render  it  easj 
for  tbe  bricklajers,  bj  baring  two  or  three  of  them  on  the  roof,  to  laj  each 
coarse  of  bricks  at  right  angles  with  the  corre  of  the  arch,  by  stretching  e 
string  through  holes  made  in  the  gaage. 

Small  holes  should  be  left  at  intervals  io  the  centering  abore  described, 
to  carry  off  the  saperflaoas  water  (which  should  be  plentifally  ased)  in  dij 
weather,  and  the  rain  water,  in  wet. 

This  kind  of  ceotering  costs  little  more  than  the  labor,  since  all  the 
bricks  may  be  afterwards  employed  in  making  the  floors,  or  drains  of 
tbe  building.  If,  however,  a  movable  centering  is  perferred,  it  should 
be  made  with  wooden  ribs  whose  upper  surface  is  planed  to  the  curve 
required,  tbe  ribs  being  supported  by  struts  either  from  brick  pil- 
lars, or  wooden  posts  carried  to  the  height  of  the  springing,  and  sup- 
porting a  tie-beam  or  sill  with  the  intervention  of  wooden  wedges  for 
lowering  it. 

Across  the  ribs  in  the  direction  of  the  purlins  of  a  roof  is  placed 
the  lagging,  consisting  of  strong  bamboos,  fir  lathes,  about  2  inches 
sqnaro,  or  other  similar  material ;  by  making  all  the  parts  of  a  center- 
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ing  of  such  strength  as  to  bear  the  strain  upon  it  without  deflectioBi 
and  bj  cutting  as  few  mortices  as  possible,  the  timber  will  be  almost 
uninjured,  and  the  cost  will  be  limited  to  that  of  the  labor  employed 
in  its  erection  ;  wide  planking  should  not  be  used  in  India  as  lagging,  as 
it  is  very  apt  to  warp. 

382.  When  the  centerings  are  fixed  and  materials  all  at  hand,  a  suffi- 
cient number  of  bricklayers  should  be  ready  to  carry  on  the  work  bj  even 
courses  all  round,  so  that  no  part  of  the  arch  should  be  built  up  higher 
than  another,  by  which  means  an  equal  pressure  is  maintained. 

The  joints  should  be  as  fine  as  possible,  and  each  brick  shonld  be  bedded 
into  the  cement  and  worked  firmly  into  its  place,  where  it  should  be  fixed 
with  one  or  two  blows  of  the  hand  or  a  small  wooden  mallet. 

The  courses  should  break  joint  with  each  other,  making  the  joints  of 
every  upper  course  fall  as  nearly  as  possible  upon  the  middle  of  the  bricks 
in  the  course  immediately  beneath  it.  This  principle  should  be  strictly 
adhered  to  in  every  kind  of  building,  for  in  all  the  rarious  modes  of  laying 
stones  or  bricks,  the  uniform  object  is  to  obtain  the  greatest  lap  of  one 
over  the  other. 

By  moulding  a  proportion  of  the  arch  bricks  half  breadth,  and  placing 
a  half  brick  occasionally,  the  joints  may  be  made  to  fall  exactly  in  the 
middle  of  those  in  the  course  below.  The  joints  between  the  courses 
should  be  as  fine  as  possible,  and  the  last  courses  forming  the  keying  of  the 
arch  should  be  put  in  very  tight. 

This  should  be  done,  not  by  hammering  the  keying  bricks,  but  by 
taking  care  to  leave  a  space  at  the  crown  somewhat  less  than  the  thick* 
ness  of  the  last  brick  or  two  bricks  to  be  placed,  and  by  then  inserting 
two  planks  with  wedges  between  them,  by  driving  which  the  aperture  may 
be  increased  so  as  to  admit  the  keying  bricks  without  the  application  of  any 
great  force.  Another  advantage  will  be  that  the  joints  on  each  aide  of 
the  crown  will  be  thereby  compressed  to  the  same  extent  as,  or  even  to  a 
greater,  than  those  lower  down  the  arch,  which  have  been  compressed  by 
the  hammering  of  each  layer  of  brick  by  wooden  hand-maols,  and  by  the 
weight  of  the  brickwork  subsequently  laid  upon  them. 

The  centering  or  support  to  the  roof  may  remain  up  till  the  brickwork 
is  slightly  dried,  and  is  then  to  be  carefully  removed  by  lowering  it  gra- 
dually. By  allowing  arch-roofed  buildings  to  remain  one  rainy  season 
without  plaster  or  terrace  on  the  roof,  the  outer  surface  becomes  lesa 
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porous,  and  after  the  terrace  hds  been  added,  the  roof  plaster  will,  more 
probably,  be  quite  free  from  cracks,  and  thus  avoid  that  dampness, 
which  is  often  complained  of  for  the  first  two  or  three  years,  in  building 
with  arched  roofs. 

383.  After  the  arch  has  settled,  it  should  receive  a  terrace  of 
2  inches,  made  in  the  same  manner  as  for  terrace  roofs,  and  thoroughly 
well  beaten  and  rubbed  to  an  enamelled  surface  with  a  bricklayer's  trowel. 

Care  should  always  be  taken  to  leave  small  holes  of  6  or  9  inches  dia-> 
meter,  in  the  centre  of  the  roofs  for  yentilation.  The  holes  may  be 
sheltered  from  the  weather,  either  by  tubes  of  baked  earth,  or  by  a  cover 
of  masonry. 

384,  Syrian  Roof. — As  the  thickness  of  the  walls  carrying  a  vaulted 
roof  is  determined  by  the  weight  and  thrust  of  the  arch,  it  is  evident,  that 
if  the  weiglit  of  any  arch,  keeping  the  same  form,  can  be  reduced,  the 
thickness  of  its  supporting  walls  may  also  be  reduced,  and  on  this  depends 
the  advantage  of  the  hollow  brick,  or  Syrian  vaults,  over  those  of  solid 
materials. 

The  Syrian  roof  is  formed  of  hollow  tiles  which  have  been  described 
in  para.  59.  This  kind  of  roof  is  only  one-third  the  weight  of  a  solid 
vault,  and  its  sustaining  walls  may  be  proportionally  reduced  in  thickness. 

The  arch  being  light,  its  centering  may  be  slight  and  rude,  the  weight 
upon  it  being  trifling.  In  building  long  vaults  of  this  kind,  it  is  usual  to 
stiffen  them  by  the  introduction  of  arch  ribs  of  brick  at  the  ends,  and  at 
intermediate  distances :  these  ribs  may  for  the  sake  of  ornament,  be  a  few 
inches  deeper  than  the  rest  of  the  vaults,  thus  giving  the  effect  of  panel- 
ing, and  the  walls  may  be  strengthened  with  pilasters  where  the  brick 
ribs  occur. 

The  springing  of  the  arches  should  be  commenced  solidly  by  bricking 
out,  as  it  is  called,  to  a  height  found  by  producing  the  inner  face  of  the 
wall  till  it  cuts  the  extrados  of  the  vault ;  the  arch  is  then  built  in  the 
ordinary  way  with  these  hollow  voussoirs,  taking  care  that  they  shall  break 
joint  longitudinally.  They  should  be  well  bedded  in  good  mortar,  and  the 
centering  should  be  left  till  the  mortar  is  fully  set,  the  mortar  in  the 
present  case  being  the  heaviest  and  most  solid  part  of  the  vault.  Aper- 
tures should  be  left  for  light  and  ventilation,  and  to  break  the  reverbera- 
tion of  sound,  which  is  an  inconvenience  attending  vaulted  roofs  not  placed 
at  a  great  height. 
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These  roofs  should  be  plastered  inside,  and  covered  with  a  well  beaten 
terrace  ontsiJe ;  the  beating  requires  care,  but  can  be  effected  without 
the  slightest  injury,  if  the  voussoirs  are  sound ;  the  roof  is  then  wea- 
ther-tight, and  indestructible ;  and  in  many  countries  less  costly  too, 
than  a  well-timbered  roof  of  equal  span,  and  not  requiring  thicker 
walls  than  are  usually  built  in  India  for  flat  and  pitched  roofs:  of  course 
these  roofs  must  not  be  carried  to  an  extent  that  would  crush  the  materials. 

The  only  chance  of  subsequent  failure  arises  from  the  presence  of 
crystallizing  salts  in  the  pottery:  this  would  cause  gradual  decay  of  the 
voussoirs,  which  would  communicate  itself  to  the  mortar :  roofs  of  this 
kind  exist  over  some  gunsheds  in  the  Fort  at  Agra,  and  although  in 
many  parts  of  the  Fort  corrosion  by  the  efflorescence  of  salts  is  very  des- 
tructive, these  roofs  appear  to  have  escaped  its  influence. 

385.  SindhRoof. — The  constmction  of  the  peculiar  hexagonal 
tiles  used  in  this  kind  of  roof  has  been  already  described  in  para.  60. 
This  roof  is  very  light,  and  the  use  of  a  centering  can  generally  be  die* 
pensed  with. 

It  is  also  cheap,  costing  Bs.  8  per  100  square  feet,  measured  on  the 
Toussoir  portion  only,  which  is  about  equal  to  the  area  of  the  floor  of 
each  room.  This  rate  covers  the  outside  plaster  (of  mud.)  Where  lime 
plaster  is  used,  of  course  the  vault  costs  proportionally  more.  The  Sindh 
bricklayers  are  very  dexterous  in  using  these  voussoirs,  and  the  roof  of 
one  of  the  rooms  (18  x  22  feet)  of  a  District  Bungalow,  was  vaulted  in 
two  days  by  two  bricklayers. 

The  Syrian  roof  of  course  possesses  the  same  advantage  of  quick  con- 
struction, where  seasoned  timber  is  not  procurable,  but  it  is  not  quite  so 
quick  as  the  voussoir  plan,  as  the  construction  and  removal  of  the  center- 
ing occupy  time. 

The  mode  of  constructing  a  vault  with  Sindh  tiles  is  illustrated  in  the 
accompanying  figure,  which  is  a  developed  plan  of  a  vault  during  constmc- 
tion, as  seen  when  looking  down  upon  it  from  above. 

The  side  and  end  walls  having  been  carried  up  to  the  requisite  full 
height,  the  first  voussoir  (1  in  figure)  is  let  into  the  end  wall  (at  the  crown 
of  the  curve);  other  voussoirs  (2, 3,  to  7  in  figure)  at  proper  intervals  are  then 
similarly  let  into  the  wall,  till  the  haunches  are  reached.  About  one-half 
of  each  voussoir  ought  to  project  beyond  the  face  of  the  wall,  (inwards  to- 
wards the  room  being  roofed  in),  and  the  interval  between  each  should  be 
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Bofficieiitly  large  for  tbe  reception  of  half  &  ronssoir  and  its  cement.  TSia 
Ttnlting  ia  then  commenced  at  the  angles,  which  are  grxlnally  filled  in, 
each  coarse  of  vonesoirs  being  commenced  at  the  end  wall,  and  carried 
obliqael;  down  to  the  haunch  in  the  following  manner : — Hie  sides  of 
TonHsoirs  6  and  7,  and  the  face  of  the  bit  of  wall  between  them  being 
covered  with  cement,  No.  8  roassoir  is  thmst  in  (care  being  taken  id 
doing  80  to  keep  the  top  parallel  to  the  direction  of  the  Taalt)  with  two 
or  three  blows  from  the  hand.  It  penetrates  like  a  wedge,  making  the 
joints  qnite  smooth.  After  this,  the  joints  should  be  closed  above  »nJ 
below,  to  make  them  air-tight,  till  the  clay  has  sliffened  a  little.     No.  9 
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is  tlien  thmst  into  its  place  in  Hie  same  waj  as  No.  8,  forcing  the  latter, 
if  it  is  possible,  still  tighter  into  its  place.  This  completed,  No.  10  in  the 
next  conrse  is  placed ;  and  so  on  throughont  the  whole  length  of  the  vault. 
The  nombers  on  the  figure  denote  the  order  in  which  the  Toossoirs  are 
inserted. 

It  mil  be  observed,  that  bj  lajing  the  vonssoir  conrse  along  the  hann- 
ches  of  the  vanlt  in  advance  of  the  conrses  higher  np,  any  settlement  at 
the  crown  is  prevented.  Two  sides  of  each  vonssoir  being  perpendicular  to 
the  direction  of  the  course,  thej  are  directly  opposed  to  anj  settlemrat. 
The  vanlt  is  kept  in  the  proper  cnrve  by  a  circular  piece  of  plank,  stand- 
ing on  the  projecting  bricks  of  the  cornice ;  and  so  little  settlement  takes 
place,  that  this  can  be  made  to  slide  back  under  the  completed  portion  of 
the  vanlt. 
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The  Toussoirs  nm  about  450  to  100  square  feet,  and  a  workman  toler- 
blj  expert  can  yault  40  square  feet  in  a  day.  From  the  small  number 
of  Tonssoirs  required,  and  the  small  quantity  of  cement  used,  he  requires 
very  little  assistance. 

In  all  the  yaults  constructed  on  this  plan,  mud  and  bhoosa  has  been 
the  cement  used,  and  it  has  been  found  quite  sufficient.  Being  thrown 
against  the  youssoirs,  and  spread  with  the  hand,  it  will  be  found  more 
expeditious  than  chunam,  and  of  course  more  economical. 

Before  commencing  to  construct  the  yault  as  just  described,  it  is  well 
to  carry  their  haunches  up  as  far  as  eyer  they  will  stand  securely  without 
the  assistance  of  the  thrust  from  the  yault,  for  the  more  the  centre  of 
grayity  of  the  wall  and  haunch  is  brought  inwards  in  this  manner,  the 
greater  is  the  stability  of  the  structure  when  completed.  It  was  found 
from  experiment  that  the  haunches  of  a  semi-circular  yault  of  15  feet  span 
could  be  carried  up  to  a  height  of  5  feet.  To  preyent,  howeyer,  accidents 
from  a  number  of  workpeople  congregating  on  them  before  the  yaulting 
was  commenced,  the  haunches  were  carried  up  to  a  height  of  4  feet  in  the 
first  instance,  completing  them  to  the  requisite  height  while  the  yaulting 
was  being  executed. 


CHAPTER    XIX. 

FOUNDATIONS. 

386.  The  term  Foundation  is  used  indififcrentlj  either  for  the  lower 
courses  of  a  stractare  of  masonry,  or  for  the  artificial  arrangement,  of 
whatever  character  it  may  be,  on  which  these  courses  rest,  and  which  roaj 
be  more  precisely  termed  the  bed  oj  the  foundation.  The  latter  alone 
will  be  treated  of  here. 

The  strength  and  durability  of  structures  of  masonry  depend  essential- 
ly upon  the  bed  of  the  foundation.  In  arranging  this,  regard  must  be 
had  not  only  to  the  permanent  efforts  which  the  bed  may  have  to  support, 
but  to  those  of  an  accidental  character.  It  should,  in  all  cases,  be  placed 
80  far  below  the  surface  of  the  soil  on  which  it  rests,  that  it  will  not  be 
liable  to  be  uncoyered,  or  exposed ;  and  its  surface  should  not  only  be 
normal  to  the  resultant  of  the  efforts  which  it  sustains,  but  this  resultant 
should  intersect  the  base  of  the  bed  so  far  within  it,  that  the  portion  of  tlie 
soil  between  this  point  of  intersection  and  the  outward  edge  of  the  base, 
shall  be  broad  enough  to  preyent  its  yielding  from  the  pressure  thrown  on  it. 

387.  The  object  to  be  attained  in  the  construction  of  any  foundation  is, 
to  form  such  a  solid  base  for  the  superstructure  that  no  movement  shall  take 
place  after  its  erection.  We  must  bear  in  mind  that  all  structures  built 
of  coursed-masonry  (whether  brick  or  stone)  will  settle  to  a  certain  extent, 
and  that,  with  a  few  exceptions,  all  soils  will  become  compressed,  more  or 
less,  under  the  weight  of  a  building,  however  trifling  its  character.  Our 
aim,  therefore,  will  be  not  so  much  to  attempt  to  prevent  settlement,  as  to 
ensure  that  it  shall  be  uniform j  so  that  the  superstructure  may  remain 
without  crack  or  flaw,  however  irregularly  disposed  over  the  area  of  its  site, 
and  it  cannot  be  too  strongly  impressed  on  the  mind  of  the  reader,  that 
it  is  not  an  unyielding j  but  a  uniformly  yielding  foundation  that  is  required, 
and  that  it  is  not  the  amount,  so  much  as  the  inequality  of  settlement 
that  does  the  mischief. 

The  second  great  principle  in  preparing  foundations  is,  to  prevent  the 
lateral  escape  of  the  supporting  material. 

The  principles,  therefore,  to  be  kept  in  view  in  the  treatment  of  all 
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cases  where  the  natural  soil  is  at  all  of  a  doubtful  character,  may  be  thus 
briefly  stated : — 

IsL  To  distribute  the  weight  of  the  structure  oyer  a  large  area  of 
bearing  surface. 

2nd.    To  prevent  the  lateral  escape  of  the  supporting  material. 

388.  Nature  of  Subsoils. — The  first  preparatory  step  to  be  taken, 
in  determining  the  kind  of  bed  required,  is  to  ascertain  the  nature  of  the 
subsoil  on  which,  the  structure  is  to  be  raised.  This  may  be  done,  in  or- 
dinary cases,  by  sinking  a  pit ;  but  where  the  subsoil  is  composed  of  yarious 
strata,  and  the  structure  demands  extraordinary  precaution,  borings  must 
be  made  with  the  tools  usually  employed  for  this  purpose. 

389.  With  respect  to  foundations,  soils  are  usually  diyided  into  three 
classes : — 

The  1st  class  consists  of  soils  which  are  incompressible,  or  at  least,  so 
slightly  compressible,  as  not  to  effect  the  stability  of  the  heayiest  masses 
laid  upon  them,  and  which,  at  the  same  time,  do  not  yield  in  a  lateral 
direction.  Solid  rock,  some  tufas,  compact  stony  soils,  hard  clay  which 
yields  only  to  the  pick,  or  to  blasting,  belong  to  this  class. 

The  2nd  class  consists  of  soils  which  are  incompressible,  but  require  to. 
be  confined  laterally,  to  prevent  them  from  spreading  out.  Pure  gravd 
and  sand  belong  to  this  class. 

The  drd  class  consists  of  all  the  varieties  of  compressible  soils ;  under 
which  head  may  be  arranged  ordinary  clay,  the  common  earths,  and  marshy 
soils.  Some  of  this  class  are  found  in  a  more  or  less  compact  state,  and 
are  compressible  only  to  a  certain  extent,  as  most  of  the  varities  of  clay 
and  common  earth ;  others  are  found  in  an  almost  fluid  state,  and  yield 
with  facility  in  every  direction. 

390.  Eock. — To  prepare  the  bed  for  a  foundation  on  rocky  the  thickness 
of  the  stratum  of  rock  should  first  be  ascertained,  if  there  are  any  doubts 
respecting  it :  and  if  there  is  any  reason  to  suppose  that  the  stratum  has 
not  sufficient  strength  to  bear  the  weight  of  the  structure,  it  should  be 
tested  by  a  trial  weight,  at  least  twice  as  great  as  the  one  it  will  have  to 
bear  permanently.  The  rock  is  next  properly  prepared  to  receive  the 
foundation  courses,  by  levelling  its  surface,  which  is  effected  by  breaking 
down  all  projecting  points,  and  filling  up  cavities  with  concrete  (which 
once  set  is  nearly  incompressible  with  anything  short  of  a  crushing 
force,  whereas  in  masonry,  the  compression  of  the  mortar  joints  is  certain 
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In  ordinary  clay,  or  earth,  a  trench  is  dug  of  the  proper  width,  and  the 
bottom  of  the  trench  is  levelled  off  to  receive  a  foundation  of  bdton. 

Tlie  preparation  of  an  area  of  beton  for  the  bed  of  a  foundation,  will 
depend  on  the  circunistnnccs  of  the  case.  In  ordinary  cases,  the  beton  is 
spread  in  the  trench,  and  carefully  rammed  in  layers  of  6  or  9  inches,  until 
the  mortar  collects  in  a  semi-iiuid  state  on  the  top  of  the  layer.  If  the 
base  of  the  bed  is  to  be  broader  than  the  top,  its  sides  must  be  confined 
by  boards  suitably  arranged  for  this  purpose.  Whenever  a  layer  is  left  in- 
complete at  one  end,  and  another  is  laid  upon  it,  an  off-set  should  be  left 
at  the  unfinished  extremity,  for  the  purpose  of  connecting  the  two  layers 
more  firjnly  when  the  work  on  the  unfinished  part  is  resumed. 

393.  Wet  Soils. — When  the  soil  under  the  bed  is  liable  to  injury 
from  springs,  they  must  be  cut  off,  and  an  area  of  beton  should  compose 
the  bed,  which  should  be  confined  on  all  sides  between  walls  of  stone  or 
b^ton  sunk  below  the  bottom  of  the  bed. 

When  springs  rise  through  the  soil  over  which  the  b^ton  is  to  be  spread, 
the  water  from  them  must  cither  be  conveyed  off  by  artifical  channels, 
which  will  prevent  it  rising  through  the  mass  of  beton,  and  washing  out 
the  lime ;  or  else  strong  cloth,  prepared  so  as  to  be  impermeable  to  water, 
may  be  laid  oyer  the  surface  of  the  soil  to  receive  the  bed  of  beton.  When 
artificial  channels  are  used,  they  may  be  completely  choked  subsequently 
by  injecting  into  them  a  semi-fluid  hydraulic  cement,  and  the  action  of 
the  springs  be  thus  completely  destroyed. 

If,  in  opening  a  trench  in  sand,  water  is  found  at  a  slight  depth,  and 
in  such  quantity  as  to  impede  the  labors  of  the  workmen,  and  the  trench 
cannot  be  kept  dry  by  the  use  of  pumps,  or  scoops,  a  row  of  sheeting  piles 
may  be  driven  on  each  side  of  the  space  occupied  by  it,  somewhat  below 
the  bottom  of  the  bed,  the  sand  on  the  outside  of  the  sheeting  piles  being 
thrown  out,  and  its  place  filled  with  a  puddling  of  clay,  to  form  a  water- 
tight enclosure  round  the  trench.  The  excavation  for  the  bed  is  then 
commenced ;  but  if  it  be  found  that  the  water  still  makes  rapidly  at  the 
bottom,  only  a  small  portion  of  the  trench  must  be  opened,  and  after  the 
lower  courses  are  laid  in  this  portion,  the  excavation  will  be  gradually 
effected,  as  fast  as  the  workmen  can  execute  the  work  without  difficulty 

from  the  water. 

394,  Marshy  Soils. — In  marshy  soils,  the  principal  difficulty  con- 
sists in  forming  a  bed  sufficiently  firm  to  give  stability  to  the  structare. 
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owing  to  the  yielding  nature  of  the  soil  in  all  directions.  Although  the 
difficulties  of  bnilding  upon  treacherous  soil  are  great,  they  are  not 
unsurmountable ;  and  where  capital  and  talent  are  available,  satisfactory 
results  are  almost  invariably  obtained. 

The  following  five  methods  are  simple  expedients  for  providing  a  firm 
foundation  bed  in  marshy  soil,  any  one  of  which  may  be  adopted  with 
success  according  to  circumstances.  The  first,  and  beyond  question  the 
best,  is  to  drive  piles  down  to  the  hard  substratum  underlying  the  alluvial 
deposit,  (as  described  in  more  detail  in  the  next  paragraph,)  to  plank 
over  their  heads,  and  to  build  on  the  platform  so  made ;  the  same  object 
may  be  attained,  usually  at  greater  cost,  by  excavating  down  to  the  hard 
bottom,  and  filling  up  the  trench  with  concrete. 

The  second  system  was  adopted  by  General  Gil  more  in  constructing  the 
<<  Swamp  Angel "  battery,  used  in  the  siege  of  Charleston.  It  consists  in 
driving  sheeting  piles  down  to  the  hard  bottom,  but  not  necessarily  into  it, 
so  as  to  enclose  a  circular  or  rectangular  column  of  alluvium.  On  top  of 
this,  hurdles  or  fascines  are  laid,  and  over  these  a  timber  platform  which  will 
carry  guns,  or,  if  need  be,  a  fort.  The  theory  of  the  arrangement  is,  that 
before  the  superstructure  can  sink  into  the  mass  of  loose  earth,  a  portion  of 
the  latter  must  be  displaced  laterally,  in  a  way  that  may  be  best  expressed 
by  the  theory  of  the  fluidity  of  solids,  as  defined  by  M.  Tresca  and  others. 
The  sheeting  piles  prevent  this  displacement,  and  the  load  is  supported 
much  as  though  it  reposed  on  the  ram  of  a  gigantic  hydraulic  press,  of 
which  the  piles  formed  the  cylinder,  while  the  semi-solid  mud  took  the 
place  of  the  water.  Such  an  expedient  should  be  resorted  to  with  much 
caution,  as  the  stability  of  the  structure  depends  altogether  on  the  power 
which  the  sheeting  piles  possess  of  resisting  pressure  from  within. 

The  third  is  also  a  plan  which  may  often  be  pursued  with  success.  Short 
piles  from  6  to  12  feet  long,  and  from  6  to  9  inches  in  diameter,  are 
driven  into  the  soil  as  close  together  as  they  can  be  crowded,  over  an 
area  considerably  greater  than  that  which  the  structure  is  to  occupy. 
The  heads  of  the  piles  are  accurately  brought  to  a  level  to  receive  a  gril- 
lage and  platform ;  or  else  a  layer  of  clay,  from  4  to  6  feet  thick,  is  laid 
oyer  the  area  thus  prepared  with  piles,  and  is  either  solidly  rammed  in 
layers  of  a  foot  thick,  or  submitted  to  a  very  heavy  pressure  for  some  time 
before  commencing  the  foundations.  The  object  of  preparing  the  bed  in 
this  manner,  is  to  give  the  upper  stratum  of  the  soil  all  the  firmness 
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possible,  subjecting  it  to  a  strong  compression  from  the  piles ;  and  when 
this  has  been  effected,  to  procure  a  firm  bed  for  the  lowest  coarse  of  the 
foundation  by  the  grillage,  or  clay  bed ;  by  these  means  the  whole  pres- 
sure will  be  uniformly  distributed  throughout  the  entire  area.  This  case 
is  also  one  in  which  a  bed  of  b^ton  would  replace,  with  great  advantage, 
either  the  one  of  clay,  or  the  grillage. 

The  practice,  however,  of  driving  small  piles  into  the  ground  to  consoli- 
date it,  is  considered  by  many  Engineers  as  having  the  effect  only  of 
pounding  up  the  soil,  and  bringing  it  into  a  state  which  can  best  be 
described  by  comparing  it  to  batter  pudding. 

Instead  of  drivinrf  piles  in  these  cases,  if  the  ground,  though  soft,  is  of 
tolerable  consistency,  a  better  plan  is  the  fourth  method  now  recommend- 
ed, viz.,  to  bore  holes  with  a  large  auger  to  a  considerable  depth,  and  to 
fill  them  with  sand,  which  from  its  property  of  acting  almost  as  a  fluid, 
is  a  most  valuable  material  for  distributing  pressure  over  a  large  area  of 
surface.  In  the  case  of  a  timber  pile,  ihe  pressure  is  transmitted  only  in 
the  direction  of  its  length  ;  but  a  sand  pile  transmits  the  pressure  laid  on  it, 
not  only  to  the  bottom,  but  to  the  sides  of  the  excavation,  and  does  not  injure 
the  ground  by  vibration.  It  must  be  borne  in  mind  that  sand  piling  is 
inapplicable  in  very  loose  wet  soils,  as  the  sand  would  work  into  the  sur- 
rounding ground. 

The  fifth  system  may  be  described  as  consisting  in  constructing  an 
extended  platform  of  timber,  which  will  diffuse  the  insistent  weight  .over 
so  large  an  area,  that,  what  we  may  term,  the  co-efficient  of  resistance 
proper  to  the  soil  of  the  marsh  may  not  be  exceeded,  and  the  work  will 
therefore,  so  to  speak,  float  as  though  on  a  raft,  or  be  carried  like  a 
man  in  snow  shoes.  It  is  evident  that  this  system  can  only  be  properly 
applied  on  a  comparatively  small  scale,  and  in  any  case,  much  care 
should  be  taken  not  only  to  make  the  platform  sufficiently  large,  but  to 
construct  it  in  such  a  way,  that  it  may  not  yield  where  the  load  is  great- 
est, while  portions  less  severely  taxed  remain  at  the  surface. 

395.  Piles. — To  prepare  the  bed  to  receive  the  foundations  accord- 
ing to  the  first  of  the  five  methods  above-mentioned,  strong  piles  are 
driven  at  equal  distance  apart,  over  the  entire  area  on  which  the  structure 
is  to  rest.  These  piles  are  driven,  until  they  meet  with  a  firm  stratum 
below  the  compressible  one,  which  offers  sufficient  resistance  to  prevent 
them  from  penetrating  farther. 
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Piles  are  generally  from  9  to  18  inches  in  diameter,  with  a  length  not 
above  20  times  the  diameter,  in  order  that  they  may  not  bend  under  the 
stroke  of  the  ram.  They  are  prepared  for  driving,  by  stripping  them  of 
their  bark,  and  paring  down  the  knots,  so  that  the  friction,  in  driving 
may  be  rednced  as  much  as  possible.  The  head  of  the  pile  is  nsnally  en- 
circled by  a  strong  hoop  of  wrought-iron,  to  prevent  the  pile  from  being 
split  by  the  action  of  the  ram.  The  foot  of  the  pile  may  receive  a  shoe 
formed  of  ordinary  boiler  iron,  well  fitted  and  spiked  on ;  or  a  cast-iron 
shoe  of  a  suitable  form  for  penetrating  the  soil  may  be  cast  around  » 
wrought-iron  bolt,  by  means  of  which  it  is  fastened  to  the  pile. 

396.  Pile  Engine. — A  machine,  termed  a  File  Engine,  is  nsed  for 
driving  piles.  It  consists  essentially  of  two  uprights  firmly  connected  at 
top  by  a  cross  piece,  and  of  a  ram  or  monkey  of  cast-iron,  for  driving  the 
pile  by  a  force  of  percussion.  Two  kinds  of  engines  are  in  nse ;  the  one 
termed  a  Crah  engine,  from  the  machinery  used  to  hoist  the  ram  to  the 
height  from  which  it  is  to  fall  on  the  pile  ;  the  other  the  Ringing  enginet 
from  the  monkey  being  raised  by  the  sudden  pull  of  several  men  upon  a 
rope,  by  which  the  ram  is  drawn  up  a  few  feet  to  descend  on  the  pile.  The 
latter  is  generally  used  in  India. 

397.  In  .calculating  the  efiects  of  a  ram  in  driving  a  pile,  an  approxi- 
mate value  may  be  obtained  by  assuming  that  the  impact  or  force  of  the 
blow  (in  foot  lbs.)  =  wji^2ghi  where 

w  =  weight  of  ram  in  Sbs., 

g  =  32-2  feet, 

h  =:  fall  of  ram  in  feet, 

and  that  in  ordinary  cases  if  a  pile  will  resist  an  impact  of  a  ton,  it  will 
bear  without  yielding  &  pressure  of  IJ  tons.  In  practice  30  feet  may  be 
considered  the  greatest  fall  which  can  be  used  without  splitting  the  timber, 
and  a  ram  exceeding  two  tons  in  weight  would  be  very  troublesome  to  move 
from  place  to  place. 

The  French  civil  engineers  have  adopted  a  rule  to  stop  the  driving, 
when  the  pile  has  arrived  at  its  absolute  stoppage,  this  being  measured  by 
the  farther  penetration  into  the  subsoil  of  about  -x%ths  of  an  inch,  caused 
by  a  volley  of  thirty  blows  from  a  ram  of  SCO  fiba.,  falling  from  a  height 
of  5  feet  at  each  blow.  Piles  should,  however,  when  practicable,  be  driven 
to  an  unyielding  subsoil. 

When  a  pile  from  breaking,  or  any  other  cause,  has  to  be  drawn  out,  it 
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18  done  by  using  a  long  beam  as  a  lerer  for  the  purpose ;  the  pile  being 
attached  to  the  lever  by  a  chain,  or  rope  suitably  adjusted. 

But  in  many  cases,  (as  where  sheet  piling  has  been  driven  round  the 
foundations  of  any  work,)  there  will  be  the  risk  of  the  ground  settling 
down  to  fill  up  the  vacancy  caused  by  drawing  the  piles :  and  in  all  such 
cases,  the  piles  should  not  be  drawn,  but  cat  off  at  the  level  of  the  ground » 
or  such  level  as  may  suit  the  requirements  of  the  work. 

398.  The  number  of  piles  required,  will  be  regulated  by  the  weight 
of  the  structure.  An  allowance  of  1000  9)3.  on  each  square  inch  of  area 
of  head  will  ensure  safety.  The  least  distance  apart,  at  which  the  piles 
«an  be  driven  with  ease,  is  about  2^  feet  between  their  centres.  If  they 
are  more  crowded  than  this,  they  may  force  each  other  up,  as  they  are  suc- 
■cessively  driven. 

From  experiments  carefully  madein  France,  it  appears  that  piles  which  re- 
sist only  in  virtue  of  the  friction  arising  from  the  compression  of  the  soil,  can- 
not be  subjected  with  safety  to  a  load  greater  than  one-fifth  of  that  which 
piles  of  the  same  dimensions  will  safely  support  when  driven  into  a  firm  soil* 

After  the  piles  are  driven,  they  are  sawn  off  to  a  level,  to  receive  a  gril- 
lage or  platform  on  which  the  lowest  courses  of  masonry  are  laid. 

399.  Sheet  piles  are  flat  piles,  which  being  driven  successively  edge  to 
edge,  form  a  vertical  or  nearly  vertical  sheet  for  the  purpose  of  preventing 
the  materials  of  a  foundation  from  spreading,  &c. 

They  may  be  any  breadth  that  can  readily  be  procured,  and  from  2  J  to 
10  inches  thick  :  and  are  sharpened  at  the  lower  end  to  an  edge,  which  in 
stony  ground  may  be  shod  with  sheet-iron.  Sheeting  piles  should  be 
carefully  fitted  to  each  other  before  driving.  In  some  cases  it  is  worth 
while  to  tongue  and  groove  the  edges :  but  this  is  seldom  done ;  and  if 
the  piles  are  perfectly  parallel  and  truly  driven,  the  swelling  of  the  wood 
when  exposed  to  moisture  will  generally  secure  a  tight  Joint 

400.  The  objections  to  the  employment  of  wooden  piles  in  India  are 
the  numerous  destructive  agencies  at  work,  and  that,  owing  to  the  peculiar 
character  of  the  water-courses,  they  would,  when  employed  for  bridges,  be 
alternately  wet  and  dry,  and  would  soon  rot. 

These  objections  do  not  apply  to  Iron-piles^  which  are  now  very  much 
employed  both  in  England  and  India,  and  which  possess  great  advantageSy 
especially  wlien  used  in  the  deep  sandy  beds  of  Indian  rivers. 

401-  Cast'ir^n  piles  are  of  two  Idnds,  bearing  piles  and  sheeting 
piles. 
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The  bearing  piles  may  be  either  solid  of  section  ■!■,  or  hollow,  (sqnsre 
or  round,)  Cast-iron  piling  will  not  last  for  any  considerable  length  of 
time  in  salt  water,  as  it  becomes  gradually  softened,  so  that  it  can  be  cut 
with  a  knife.  In  driving  iron  piles,  it  is  especially  necessary  to  confine 
the  fall  within  narrower  limits,  as  a  fall  exceeding  4  or  5  feet,  would  be 
almost  sure  to  fracture  the  metal.  In  all  cases  it  is  essential  to  interpose 
a  piece  of  wood  (called  a  punch  or  dolli/)  between  the  ram  and  the  pile  head 
to  deaden  the  blow,  and  distribute  the  force  equally  over  the  pile  head. 

402-  Prestage's  Expanding  Piles. — On  the  Eastern  Bengal  Railway, 
the  worn  out  rails  were  utilized  by  Mr.  Prestage  for  iron  piling.  The 
smallest  form  of  pile  was  made  of  a  pair  of  rails  (weighing  24  ibs.  to  the 
foot),  securely  hooped  together  by  wrouglit-iron  collars  (a)  at  intervals : 
the  separate  lengths  of  rail  breaking  joiut  and  being  fished  in  the  ordinary 
manner.  A  wedge  (c)  at  the  foot  of  the  pile  is  securely  held  in  that  posi- 
tion by  a  wrought-iron  stop  bar,  which  passing  down  from  top  to  bottom 
between  the  rails,  is  bolted  to  the  rails  at  the  top  by  a  jamb  bolt.  To  the 
wedge  are  secured  two  links  d,  d ;  the  other  end  of  each  of  which  is  attach- 
ed to  an  iron  wing/.     Figs.  1  and  3,  shows  the  pile  ready  for  driving. 

The  pile  is  driven  in  the  ordinary  way  by  a  monkey  travelling  in  guide 
frames.  When  the  pile  is  down  nearly  to  the  required  depth,  the  stop  bar 
is  removed,  and  on  the  monkey  falling  again  on  the  pile,  which  consists  now 


Fig,  1.         Fig.  2.  Fig.  3. 


only  of  the  two  rails,  these  slide  over 
the  wedge,  causing  their  feet  to 
spread  slightly  apart:  at  the  same 
time  the  links  attached  to  the  wedge 
being  driven  up  towards  a  horizontal 
position,  make  the  wings  slightly 
expand :  and  as  the  driving  continues, 
the  full  expansion  of  the  rail -feet  and 
wings  is  attained  as  shown  in  Fig.  2. 
Modifications  of  this  pile  with  the 
wings  rivetted  to  the  rails,  and  not 
hinged,  were  used :  and  larger  piles 
on  the  same  principle  composed  of  a 
cluster  of  8  rails  were  adopted,  where 
a  greater  length  of  piling  was  re- 
quired ;  as  of  course  beyond  a  certain 


length  the  2-rail  piles  would  be  liable  to  bend. 
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403.  Iron  Screw  Piles,  the  invention  of  Mr.  Alexander  Mitchell,  are 
piles  which  are  screwed  into  the  stratum  in  which  they  are  to  stand.  The 
pile  may  be  either  of  timber  or  iron,  and  that  it  may  admit  being  easily 
turned  about  its  axis,  should  be  cylindrical,  or  at  all  events  octagonal.  The 
screw  blade,  which  is  fixed  on  at  the  foot  of  the  pile,  is  usually  of  cast- 
iron,  and  seldom  makes  more  than  a  single  turn.  Its  diameter  is  from 
twice  to  eight  times  that  of  the  shaft  of  the  pile,  and  its  pitch  from  one- 
half  to  one-fourth  of  its  diameter.  The  best  mode  of  driving  screw  piles 
is  to  apply  the  power  of  men  or  of  animals,  walking  on  a  temporary  plat- 
form, directly  to  levers  radiating  from  the  heads  of  the  piles. 

As  an  example  may  be  cited,  the  wrought-iron  piles  used  in  the  piers  of 
railway  bridges  on  the  Bomlmy  and  Baroda  Bailway.  Each  of  these  was 
screwed  into  the  ground  by  means  of  four  levers,  each  40  feet  long,  and 
each  having  eight  bullocks  yoked  to  it.  According  to  this  example,  the 
greatest  working  load  upon  each  screw  of  4  feet  6  inches  in  diameter,  eor- 
clusive  of  the  earth  and  water  above  it,  is  nearly  as  follows  :— 

Pier  25  tons  +  superstructure  12  +  train  30  =  67  tons  =  150,080 
ft)S.,  being  at  the  rate  of  nearly  100  lbs.  per  square  inch  of  the  horizontal 
projection  of  the  screw  blade. 

As  these  piles  are  screwed  from  20  to  45  feet  into  the  earth,  the  weight 
of  earth  above  each  screw-blade  may  be  taken  as  ranging  from  14  lbs.  to 
80  fcs.  per  square  inch ;  so  that  the  load  on  each  screw  blade,  exclusive 
of  the  weight  of  earth  above  it,  ranges  from  3  to  7  times  that  weight,  and 
including  the  weight  of  earth,  from  4  to  8  times. 

The  chief  uses  of  screw  piles  are  to  form  the  vertical  supports  of  plat- 
forms of  open-work  piers,  whether  of  timber  or  iron,  and  of  such  structures 
as  harbour-jetties  and  light-houses,  and  to  fasten  down  permanent  moor- 
ing-chains  in  harbours. 

404.  Tubular  Foundations. — The  description  of  these  hollow 
wrought-iron  screw  piles  leads  us  naturally  from  the  consideration  of  Piles, 
to  that  of  tubular  foundations,  which  may  be  of  cast-iron  as  used  in 
Europe,  or  of  masonry,  as  in  the  common  well  foundations  of  India. 

405.  Iron  Tubular  Foundations  consist  of  large  hollow  vertical  cast- 
iron  cylinders,  filled  with  rubble  masonry  or  concrete. 

The  general  construction  of  such  cylinders  and  the  mode  of  sinking 
them  are  .shown  in  Plate  LI.  Amongst  the  auxiliary  structures  and 
machinery  not  shown  in  the  figure  are,  a  temporary  timber  stage  from 


898  FOUNDATIOHS. 

vrhich  the  pieces  of  the  cylinder  can  be  lowered,  and  on  which  the  exn- 
yated  material  can  be  carried  away ;  and  a  steam  engine  to  woik  a  po^ 
for  compressing  air. 

The  cylinder  consists  of  lengths  of  abont  9  feet,  united  bj  intcnri 
flanges  and  bolts.  The  joints  are  cemented  and  made  air-t|gfat  mA  a 
well-known  composition,  consisting  of 

Iron  tamings,      .•••••«••••  1,000  parts  bj  wcSghL 

Sal-ammoniac, ••         10      „  „ 

Floor  of  salphor, •  2„  „ 

Water  cnoogh  to  dissolve  the  Bal-ammoniac. 

In  some  examples  each  joint  is  made  tight  by  means  of  a  ring-dbapel 
cord  of  vulcanized  indian  rubber,  lodged  in  a  pair  of  grooves  on  the  &oef 
of  the  flanges. 

The  lowest  length,  A,  of  the  cylinder,  has  its  lower  edge  sharpenedi, 
that  it  may  sink  the  more  readily  into  the  ground.  The  intermediaU 
lengths,  B,  B,  and  the  uppermost  length,  G,  have  flanges  at  both  edgH^ 
upper  and  lower.  The  portion  D,  at  the  top,  forms  the  <*  bell.*'  Tbt 
lower  edge  of  the  bell  has  an  internal  flange  by  which  it  is  bolted  to  tbt 
cylinder  below ;  its  upper  end  is  closed,  and  may  be  either  dome-shaped, 
or  flat,  and  strengthened  against  the  pressure  of  the  air  within  by  tmt- 
verse  ribs,  as  in  the  figure.  In  the  example  shown,  the  bell  is  made  of 
wrought-iron  boiler  plates. 

E  is  a  siphon,  2  or  3  inches  in  diameter,  through  which  the  water  k 
discharged  by  the  pressure  of  the  compressed  air. 

F  and  G  are  two  cast-iron  boxes,  called  *'  air-locks,^  by  means  of  wludi 
men  and  materials  pass  in  and  out.  Each  of  them  has  at  the  top  a  tnp 
door,  or  lid  opening  downwards  from  the  external  air,  and  at  one  nde,  a 
door  opening  toward  the  interior  of  the  bell,  and  is  provided  with  step 
cocks  communicating  with  the  external  air,  and  with  the  interior  of  ths- 
bell  respectively,  which  can  be  opened  and  closed  by  persons  either  withii 
the  bell,  within  the  box,  or  outside  of  both.  These  may  be  called  th» 
escape  cock  and  the  supply  cock. 

The  bell  is  provided  with  a  supply  of  pipe  and  valve  for  introducing 
compressed  air,  a  safety  valve,  a  pressure  gauge,  and  a  large  escape  valra 
for  discharging  the  compressed  air  suddenly  when  required. 

At  the  lower  flange  bf  the  division  C  is  a  timber  platform,  on  which 
stands  a  windlass. 
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The  apparatus  is  represented  as  working  in  a  stratum  of  earth  or  mud, 
covered  with  water. 

When  the  sinking  of  the  cylinder  has  been  completed,  it  is  filled  with 
masonry,  or  with  hydraulic  concrete.  About  one-half  of  the  building  is 
performed  in  the  compressed  air ;  the  remainder,  with  the  cylinder  open 
at  the  top,  the  bell  being  removed. 

Care  should  be  taken  to  pack  the  concrete  or  masonry  well  below,  and 
to  bed  it  firmly  above  each  of  the  pairs  af  internal  flanges. 

In  very  soft  materials  it  is  sometimes  necessary  to  drive  a  set  of  bear- 
ing piles  in  the  interior  of  each  cylinder,  in  order  to  support  the  concrete 
and  masonry. 

The  earliest  mode  of  sinking  iron  tubular  foundations,  was  that  invented 
by  Dr.  Potts,  in  which  the  air  is  exfiausted  by  a  pump  from  the  interior 
of  the  tube,  which  is  forced  down  by  the  pressure  of  the  atmosphere  on  its 
closed  top.  This  method  is  well  suited  for  sinking  tubes  in  soft  materials 
that  are  free  from  obstacles,  which  the  edge  of  the  tube  cannot  cut  through 
or  force  aside — such  as  large  stones,  roots,  pieces  of  timber,  &c.* 

406.  Well  Foundationsw — Tlie  general  substitwte  for  Iron  Tubular 
foundations  in  India  are  Well  or  Block  Foundattons,  which  have  been  in 
use  for  very  many  years,  and  which  are  peculiarly  adapted  to  the  deep 
sandy  beds  of  Indian  rivers,  and  are  extensively  used  both  for  bridges 
and  buildings.  A  foimdation  may  consist  of  a  number  of  wells,  sunk 
close  together,  and  connected  together  afterwards ;  or  of  a  block  or  blocks 
of  masonry  made  to  the  required  shape,  and  having  holes  left  in  it  of  the 
same  size  as  th«  wells ;  the  latter  however  requires  experienced  workmen,, 
and  circular  wells  are  therefore  generally  used.  In  both  cases  the  method 
employed  i»  the  same.  A  wooden  curb  (neemchuk)  of  hard  wood,  and 
of  a  thickness  varying  from  6*  to  18  inches,  is  made  of  the  size  of  the  well 
or  block,  and  fixed  in  position  on  the  river  bed.  On  this  about  4  feet  in 
height  of  masonry  is  built  f  and  when  dry,,  the  sand  inside  is  scooped  oat, 
BO  that  the  curb  and  masonry  descend.  Another  4  feet  is  then  built,  and 
again  the  same  process  is  resorted  to,  and  the  curb  again  made  to  descend 
until  any  required  depth  is  attained. 

•  The  method  of  sinking  cylioden  for  foundations  by  the  aid  of  oomproaeod  air,  was  first  em-^ 
ployed  at  the  bridge  over  the  Medway  at  Rochester,  executed  from  tbe  deiifus  of  Sir  William 
Cubit. 

It  was  at  first  intended  that  the  tubes  should  be  sunk  by  the  exhaurtiro  inroccss ;  but  the  remain* 
of  an  old  timber  bridge,  imbedded  in  the  mud  at  the  bottom  of  the  riyer,  rendered  that  improctfr 
cable ;  aod  the  comyreasive  procew  wm  tbeO'lnyented  by  the  contractor,  Mr.  Uugbei,  1C.LC.& 
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Great  care  has  to  be  taken  that  the  sand  is  scooped  out  gradually  and 
evenly  all  round,  so  that  the  masonry  may  not  crack  in  its  descent.  The 
masonry  must  be  thoroughly  bonded,  and  of  the  best  materials.  In  im- 
portant works  hoop-iron  and  verticil  iron  rods  in  the  masonry  (vide 
para.  412)  are  used  to  give  additional  strength. 

407.  The  wells  or  blocks  are  either  driven  down  to  the  solid  soil,  clay, 
or  kunknr,  or  rock ;  or  they  may  be  suspended  as  it  were  in  the  sand  by 
mere  friction,  the  force  of  which  is  very  great.  If  this  latter  plan  be  resort- 
ed to,  however,  the  depth  of  the  wells  must  be  considerable,  to  prevent  a 
chance  of  the  water  tearing  up  the  sand  and  exposing  the  foundations. 

In  Madras,  however,  when  the  wells  are  used  to  carry  Bridge  piers,  it  is 
usual  only  to  sink  them  about  G  feet  in  the  sand,  the  piers  being  con- 
nected together  both  at  their  up  and  down- stream  ends  by  a  line  of  wella 
acting  as  curtain  walls,  to  prevent  a  scour ;  a  flooring  of  tnasonry  or  con- 
crete is  also  added  between  the  piers,  and  a  talus  of  loose  stone  is  added 
on  the  down-stream  sides  beyond  the  lower  curtain  walls  as  a  further 
protection  against  scour.  This  arrangement  will  be  seen  in  the  plan  of 
the  Markunda  Bridge,  unJer  the  Section  Bridges.  The  total  quantity  of 
masonry  employed  is  scarcely  less  than  would  be  required  to  sink  the 
principal  wells  to  a  depth  well  below  any  possible  scour,  but  it  is  generally 
a  cheaper  arrangement,  from  the  great  expense  of  sinking  them  when 
the  depth  is  great ;  unless,  however,  there  is  plenty  of  material  on  the  spot 
available  for  the  talus,  the  arrangement  is  not  to  be  recommended. 

The  wells  being  finished,  may  be  filled  in  with  brick  or  kunkur,  arched 
over,  and  connected  together  by  arches,  on  the  top  of  which  the  super- 
structure is  built,  or  they  may  be  filled  with  concrete  from  the  bottom, 
thus  forming  a  series  of  solid  cylinders. 

408.  Tlie  following  is  a  description  of  the  Block  foundations  used  in 
the  Solani  Aqueduct,  on  the  Ganges  Canal,  by  Lieut,  (now  Colonel)  H. 
Yule,  R.E.,  from  the  "  R.E.  Professional  Papers."  {Vide  Plates  LII. 
and  LIII.) 

The  foandatioDs  of  each  pier  consist  of  eight  blocks  of  brick-work,  raeasnring  22 
feet  by  20  in  surface,  and  20  feet  in  depth  sunk  flush  with  the  level  of  the  flooring 
of  the  waterway,  at  intervals  of  2  feet  3  inches  only.  Each  block  contains  four  shafts 
or  wells,  in  which  the  excavation  was  carried  on  in  the  manner  already  described. 

The  principal  blocks  of  the  abutments  measure  26  by  22  feet  8ui)erficially.  Those 
supporting  the  wings  of  the  abutments  are  of  various  inferior  sizes. 

There  is  also  a  small  block  at  each  end  of  every  pier  supporting  the  cut-waters  ;  and 
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a  line  of  almost  contiguoas  blocks  forms  a  protecting  curtain  for  the  whole  length  of 

the  bridge,  on  both  up-stream  and  down-stream  sides.    The  whole  of  these  are  sunk 

to  a  depth  of  20  feet. 

For  the  convenience  of  accounts,  these  foundation-blocks,  whilst  in  progress,  were 

divided  into  four  classes,  according  to  size  *,  the  first  class  embracing  the  large  blocks 

of  the  abutments  ;  the  second,  those  of  the  piers  and  ends  of  abutments  ;  the  third, 

those  on  the  exterior  flanks  of  the  abutmenta;  and  the  fourth,  all  the  smaller  blocks 

having  onljr  two  shafts.    The  total  number  of  blocks  is  as  follows : — 

First  class, 20 

Second,, 120 

Third    „ 12 

Fourth, H2 

Total,     •.         ..        294 
containing,  when  completed,  about  1,700,000  cubic  feet  of  brickwork.    In  this  arc  not 
included  a  number  of  other  blocks  connecting  the  abutments  of  the  aqueduct  with  the 
walls  which  inclose  the  earthen  embankment  across  the  valley.    The  position  of  these 
is  shown  by  the  unshaded  blocks. 

In  commencing  the  foundations  of  a  pier,  the  sand  was  dug  out  within  an  inch  or  two 
of  the  water-level,  and  the  position  of  the  eight  principal  blocks  marked  off  accurately 
from  the  axis  of  the  aqueduct  Curb-frames  of  whole  timbers,  running  generally 
from  10  to  18  inches  square  were  then  laid  down,  levelled,  and  built  on  to  a  height  of 
12  feet  In  building,  five  bonds  of  hoop-iron  were  laid  in  every  foot  of  height,  this 
way  and  that  way  alternately.  The  process  of  nndersinking  was  then  commenced, 
and  the  block  sunk  flush  with  the  water.  The  remaining  8  feet  of  masonry  was  then 
added,  but  without  the  use  of  hoop-iron,  and  when  completed,  nndersinking  was  re- 
newed till  the  full  depth  was  attained. 

In  the  first  blocks  which  were  bailt,  the  wells  were  octagonal  in  plan  from  botfom 
to  top.  But  from  a  growing  conviction  that  this  form,  though  adding  to  the  mass  of 
masonry,  added  nothing  to  its  strength,  from  its  destroying  the  bond  of  the  brick- 
work, and  inducing  careless  workmanship,  first  the  upper  part  of  the  blocks  was  built 
with  rectangular  shafts,  and  latterly  the  entire  blocks  were  so  constructed.  Skew- 
backs  were  left  near  the  top  of  every  well  for  a  three-brick  arch  to  vault  it  over,  as 
well  as  on  the  exterior  of  each  block  in  order  to  connect  it  with  that  adjoining ;  so 
that  tlio  foundation  of  a  pier,  when  finished,  presented  a  solid  and  continuous  platform 
of  brickwork,  measuring  192  by  20  feet. 

The  lime  used  was  derived  from  the  limestone  boulders  gathered  in  the  bed  of  the 
Ganges  and  its  tributaries  ;  the  mortar  employed  consisting  of  a  mixture  of  lime  and 
pounded  brick,  in  the  proportion  of  two-thirds  of  the  latter  to  one- third  of  the  former. 
This  mixture  was  strongly  hydraulic,  through  not  setting  very  rapidly. 

In  sinking  the  four-shafted  blocks,  trifling  divergencies  from  the  perpendicular  were 
not  much  regarded,  as  there  was  little  difficulty  in  rectifying  them  by  suspending 
excavation  on  the  lower  side.  In  a  few  instances,  from  working  the  jAam  {vide  p.  404) 
too  much  towards  the  exterior  of  the  larger  walls,  rents  occurred  in  the  masonry,  as  if 
from  the  hogging  or  convexing  of  the  curb-frame.  As  soon  as  these  were  perceived 
by  the  officer  in  charge,  the  work  was  directed  vigorously  towards  the  centre  of  each 
block,  which  always  had  the  effect  of  completely  re-dosing  the  fissures. 

Though  the  boring  had  given  no  result  but  sand  to  a  depth  of  82  feet,  yet  under 
some  of  the  piers,  thin  local  beds  of  clay  and  mud  were  met  with.    These  occasioned 
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great  delaj,  as  in  snch  places  the  extraction  of  hundreds  of  eabie  feet  of  soil  sesn^ 
affected  the  level  of  the  blocks  a  hair's  breadth.    This  was  roost  espedallj  the  cm 
with  the  foundations  of  the  pier  first  undertaken.    The  large  timbers  oo  the  ootndeoi 
ftie  curb,  instead  of  being  halved  into  each  other,  so  as  to  form  a  flush  frame,  were  oilf 
checked  into  one  another  1  inch  either  waj,  and  strongly  bolted  ;  and  the  hoQov 
spaces  thus  left  under  two  of  the  four  sides  of  the  curb  frame,  happened  to  be  tancd 
to  the  outer  side  of  the  pier,  that  is  towards  the  waterway  of  the  adjoioing  ar^ 
without  any  anticipation  of  evil  consequences.    The  result  appeared  to  be  that  the 
curb-fraires  continued  to  rest  nearly  unmoved  on  the  lower  beams  ce,  whibt  the 
spaces  under  hb  formed  bridges,  or  open  traps,  through  which  a  constant  flow  ol  md 
took  place  to  replenish  the  wells  as  fast  as  they  were  emptied  by  the  jkaaL    At  hrt 
it  was  found  necessary  to  inclose  the  most  refractory  blocks  in  sheet- piling,  in 
to  complete  the  sinking. 

The  encounter  with  pieces  of  timber  was  also  a  serious  obstadeu  In  a  part  of  Ik  |^ 
work  a  species  of  coffer-dam  had  been  formed  to  exclude  floods,  the  piles  of  which  kd 
been  at  one  point  breached  and  submerged.  Here  these  obstacles  were  not  nnfreqaeot, 
and  were  very  troublesome  when  they  lay  athwart  the  wells  at  a  cooaiderable  de|ithii 
the  water.  The  best  way  to  get  rid  of  them  was  found  to  be  by  boring  aevetal  cos* 
tignous  holes  through  the  timber,  with  a  long  anger,  and  then  breaking  it  throoglibj 
a  violent  blow  with  a  heavy  beam,  after  which  there  was  little  difficulty  in  remoTis; 
tte  separate  pieces. 

The  two-shafted  blocks  were  not  so  easily  guided  in  their  descent.  If  they  leased 
over  to  one  side,  as  they  were  very  apt  to  do  on  account  of  the  narrow  base,  it  wu 
exceedingly  difficult  to  restore  them  ;  one  went  suddenly  to  pieces,  probably  from  t 
sudden  falling  in  of  sand  and  consequent  fracture  of  the  curb-frame,  involving  the 
loss  of  two  lives,  and  forming  a  grievous  obstacle  to  its  replacement  by  another  bkidt 
This  was  the  only  fatal  accident  on  this  branch  of  work  during  three  years  of  iti 
progress. 

At  the  suggestion  of  Mr.  Thomas  Login,  a  young  engineer  assistant  on  the  wok, 
the  experiment  was  tried  of  building  these  narrow  blocks  in  the  form  of  an  inverted 
wedge,  the  side  walls  having  a  considerable  batter  on  the  outside.  In  this  form  thcN 
blocks  pre8er\'ed  their  upright  position  much  better. 

The  following  Table  shows  the  average,  on  a  coi»fderable  number  of  blocks  of  tk 
different  sizes,  of  the  daily  progress  in  sinking  by  the  process  described  : — 
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Clan  of  f  otm- 
dation  blocks. 

No.  of 
each 

aifordlBg 
the 

average. 

Depth  in  feet. 

EnUre 
depth 
in 
feet. 

Average' 
nnmb^ 
of  days 
occupied. 

1 
Averagre  daily  rate  of  Unk-' 

To  which 
the  first  12 
feet  of  ma- 

Bonry  had 
to  be  sunk. 

Throngh 
which  ad- 
ditionally 
the  com- 
pleted 
block  ha4i 
to  be  sunk. 

For  the 

first  part 

of  each 

Mock. 

For  tlM 
com- 
pleted 
block. 

On 

the     ! 

whole' 

procea. 
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Tho  vork  Bbstntcted  in  tbo  abore  T>ble,  was  carried  on  bj  day  and  night  con- 
tiuaoual}'  (excepting  Sundaj)  i  and  the  days  regiatared  represent  tha  number  of  daja 
of  twelve  bonra  tor  which  wagoa  were  paid.  Hence  the  real  tJm*  occnpled  waa  only 
half  that  exhibited. 

409.  In  passing  orders  on  the  well  foaodstions  of  the  bridges  over 
tlio  very  largo  rivers — Ravee,  Chenab  and  Jhelnm, — on  the  Punjab  Nor- 
thern Raitwaj  tho  Government  of  India  directed  that  each  pier  should 
rest  on  tbreo  12^  feet  dlatneter  wells,  sank  70  feet  deep,  and  protected 
all  around  with  brick  rubbish  or  boulders  thrown  in  to  the  extent  nf 
at  least  30,000  cnbic  feet  to  each  pier:  also  that  tlio  foundation  of 
the  abutment  sliould  be  the  same  as  of  the  pier,  but  that  behind  it  there 
should  be  spair  of  retaining  walls  ran  out  on  10  feet  wells,  parallel  to  each 
other  in  conlinaation  of  the  direction  of  the  bridge  for  a  length  of  75  feet ; 
these  wells  being  40,  30  and  20  feet  deep,  those  nearest  the  abutment  being 
sunk  the  deepest.  For  the  further  protection  of  the  abntmente  it  was 
ordered  that  a  brick  flooring  should  be  laid  round  each  abutment,  and  one 
pier  nearest  to  it,  protected  by  a  curtain  of  deep  blocks  all  round  :  the  lino 
of  curtain  blocks  being  40  feet  from  the  wells  of  the  piers  and  abutment  on 
Uie  np-etream  side,  and  75  feet  from  the  wells  on  the  down-stream  side, 
and  extending  40  feet  bejond  the  pier  on  the  one  side,  and  40  feet  beyond 


the  abutment  on  tho  other  side.    The  line  of  curtain  blocks  should  be  20 
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feet  deep  on  the  sides  parallel  to  the  stream  and  on  tlie  down-stream  ndi^ 
and  10  feet  deep  on  the  np-stream  side.  All  round  tlie  flooring  ooUide 
the  curtain  blocks  there  should  be  thrown  in  boulders  or  brick-nibbiib 
at  200  cubic  feet  to  the  foot  run  of  curtain  blocks  where  thej  are  20 
feet  deep,  and  100  cubic  feet  to  the  foot  run  where  thej  are  10  feet  deep. 

The  general  arrangement  of  this  protection  work  is  shown  in  tbt 
sketch  on  the  preceding  page. 

The  slopes  of  the  Bail  way  embankment  joining  the  abutments  sboiiU 
be  pitched  on  both  sides  with  brick  or  kunkur  blocks,  or  bonlders,  for  100 
yards,  and  a  mass  of  such  blocks  should,  besides,  be  accamnlated  rotnid 
the  end  of  the  embankment  where  it  joins  the  abutment,  both  on  up  and 
down-stream  sides,  to  the  extent  of  50,000  cubic  feet  on  each  side. 

410.  Excavating  apparatus. — As  long  as  the  water  in  the  in- 
terior can  be  kept  out  by  pumping  or  lifting,  the  work  of  sinking  the  wdlf 
proceeds  quickly ;  but  when  the  work  has  to  proceed  nnder  water,  it  ii 
very  slow,  and  many  different  methods  have  been  adopted  to  clear  out  tlit 
water  and  core  of  the  wells. 

411.  Thr  Jham. — The  simplest,  and  indeed  the  original  Indian  plu, 
is  the  use  of  a  machine  called  a  j'Aam,  which  is  a  huge  phowrah  or  hoe ;  a 
straight  socket  is  cast  on  to  it,  in  which  a  pole  is  fitted,  and  by  which  tlie /Aon 
when  lowered  into  the  water  can  be  worked  into  the  sand  from  a  stage  a- 
bove.  Tlie  pole  is  then  withdrawn,  and  by  means  of  a  windlass  and  rope, 
the  jham  with  its  load  of  sand  is  dragged  up,  emptied,  and  again  sent  down. 
In  some  parts  of  the  country,  the  well-sinkers  dive  every  time  and  work  the 

jham  into  the  sand  by  their  hands,  and  divers  have  generally  to  be  employ- 
ed in  case  of  any  obstruction  to  the  regular  descent  of  the  well,  (vide 
Plate  No.  LIV.) 

An  improved  form  of  jham  is  described  in  the  next  para.,  as  used  on  the 
Jumna  Bridge  at  Allahabad. 

412.  The  following  is  a  description  of  the  Well  foundations  nseii  for 
the  Great  Railway  Bridge  over  the  Jumna  at  Allahabad  (from  the  **  Ciril 
Engineer's  Journal,"  (vide  Plate  LV.) 

The  Jumnn,  like  most  of  the  Indian  rivers,  winds  aboat  much  in  its  course,  and 
varies  in  width  and  depth  considerably  ;  and  within  a  distance  of  three-quarters  o£  a 
mile  above  and  below  the  railway  bridge,  it  is  65  and  72  feet  deep,  respectively,  at  low 
water,  but  this  depth  is  reduced  to  only  15  feet  at  the  spot  selected  for  crossing  by  the 
chief  engineer,  Mr.  Edward  Purser.    A  number  of  experimental  brick  cvlinders 
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forming  a  sort  of  centre  of  motion  ;  and  the  scoop  is  then  dropped  with  the  weight  of 
the  men  bearing  npon  it,  and  its  catting  edge  is  thus  forced  into  the  sand.  Br 
repeating  these  strokes  the  scoop  is  forced  into  the  sand,  the  workmen  knowing  bj  Hm 
feel  when  the  scoop  is  deep  enongh  in  the  sand.  Then  with  the  weight  of  the  men  still 
on  the  vertical  pole  F,  the  jham  is  haaled  up  by  means  of  the  windlass  O,  round  the 
barrel  of  which  the  chain  is  wound  that  is  attached  to  the  extremity  of  the  arm  £; 
the  jham  being  thereby  tilted  into  position  is  brought  up  filled  with  sand,  as  shown 
dotted  in  I^g.  7.  It  requires  ten  men  at  the  windlass  to  move  the  jhan  when  bedded 
and  covered  with  sand ;  it  is  then  drawn  np  to  the  top,  when  it  is  emptied,  and  the 
process  repeated. 

After  the  first  length  of  12  feet  of  brick  cylinder  had  been  sunk  down  to  the  water 
level,  an  additional  15  feet  were  added,  as  shown  in  Fig.  5  ;  and  the  process  of  sink* 
ing  continued  till  the  15  feet  added  had  been  sunk,  when  an  additional  16  feet  were 
added,  making  a  total  of  43  feet  depth.  As  a  precaution  for  preventing  the  curb  and 
lower  portion  of  the  brick  cylinder  from  parting  from  the  upper  portion,  which  was 
found  sometimes  to  occur,  provision  was  made  on  the  cnrb  for  attaching  six  holding 
np  bolts,  which  were  built  into  the  brickwork  for  a  length  of  16  feet,  as  shown  in 
jR^.  5,  and  at  intervals  of  every  5  feet,  a  ring  of  flat  iron  was  dropped  over  all  the 
bolts  and  cottered  down  on  to  the  brickwork. 

The  rate  of  sinking  of  the  cylinders  was  far  from  regular  ;  at  starting,  the  pro- 
gress was  pretty  even,  the  cylinders  going  down  from  15  to  9  inches  per  day  ;  but  the 
average  rate  of  sinking  when  down  to  20  feet  was  nut  more  than  4^  inches  per  day  ; 
and  beyond  that  depth,  the  rate  of  progress  gradually  decreased  till  it  was  not  more 
than  14  to  1  inch  per  day  of  24  hours.  The  plan  that  was  adopted  where  the  sinking 
went  on  slowly  was  to  add  extra  weight  on  the  top  of  the  cylinder,  cither  by  building 
extra  brickwork,  or  adding  a  load  of  rails.  In  very  bad  cases  both  means  were  nsed, 
till  a  weight  of  40  tons  on  each  cylinder  was  added  ;  and  even  with  this  additional 
load  on  the  top,  great  difficulty  was  met  with  when  the  sinking  had  reached  a  depth  of 
iO  feet ;  which  is  not  surprising  when  it  is  considered  that  there  was  then  a  constant 
pressure  due  to  40  feet  head  of  water  acting  upon  the  sand  round  the  exterior  surface 
of  the  cylinder  at  the  bottom. 

When  the  cylinders  were  got  down  to  the  depth  of  43  feet  they  were  ready  for  the 
concrete  H,  Fig.  6  ;  but  before  throwing  in  the  concrete,  a  diver  supplied  with  Siebe's 
diving  apparatus  was  sent  down  to  clear  away  any  rubbish  that  might  be  left  at  the 
bottom  of  the  well,  and  level  the  spatre  under  the  curbs  for  the  reception  of  the  con- 
crete.   A  depth  of  15  feet  of  concrete  was  then  thrown  in,  composed  of  1  part  of 
fresh-bnmt  unslaked  lime,  1  of  broken  bricks,  and  2  of  underbumt  lime  ;  these  were 
the  usual  proportions  of  the  concrete  nscd  in  stopping  the  cylinders,  and  about  18  days 
were  generally  allowed  for  it  to  set    A  disc  made  of  two  thicknesses  of  2 -inch  plank- 
ing was  let  down  npon  the  surface  of  the  concrete,  weighted  by  3  feet  thickness  of 
brick-work  ;  this  disc  was  a  little  less  in  diameter  than  the  inside  of  the  cylinder,  so 
as  to  pass  freely  down  on  to  the  concrete,  the  space  between  the  edge  of  the  disc  and 
the  sides  of  the  cylinder  being  then  filled  in  with  wood  wedges  driven  by  divers. 
The  object  of  putting  in  this  disc  was  to  prevent  the  concrete  being  disturbed  by  the 
pressure  of  water  underneath,  whilst  the  water  was  being  baled  out  from  above  the 
concrete,  preparatory  to  building  the  cylinder  np  solid. 

The  mortar  used  was  made  of  1  part  of  lime  to  1  or  1^  parts  of  soorkee,  which 
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consists  of  bricks  ponnded  and  passed  throngh  a  sieve  of  8  meshes  to  the  inch  ;^thi8 
mortar  is  of  the  best  description,  being  hydraulic,  and  setting  almost  better  in  water 
than  out  of  it. 

The  next  operation,  after  having  made  tight  the  wooden  disc  upon  the  top  of  the 
concrete,  was  to  bale  out  the  water,  and  build  up  the  void  inside  the  cylinder  solid  with 
rubble  stone,  as  shown  in  Fig.  5  ;  this  was  carried  up  to  the  top  of  the  cylinders,  and 
their  tops  thus  reduced  to  an  tvtn  bed  ready  for  the  covering  stones.    As  a  precau- 
tion to  prevent  these  stones  from  Spreading,  a  groove  was  cut  in  the  top  of  the  cylin- 
ders 6  inches  deep,  and  extending  lengthways  of  the  pier,  as  seen  in  2fig.  4  ;  into  this 
groove  the  large  stones  were  laid,  and  they  stretched  across  the  space  between  the 
cylinders,  and  have  a  good  hold  on  each  cylinder.    The  stones  were  all  cramped  at  the 
joints  with  1^  inch  square  iron,  and  the  stones  in  the  next  course  above  were  dropped 
into  joggles  in  the  first  course.    The  hearting  of  the  cylinders  was  then  carried  up  in 
brick-work,  diminishing  by  a  set-off  of  2\  inches  at  each  course,  to  form  a  core  or 
centre  for  the  corbelling  or  over-sailing  of  the  brick  steining  of  the  cylinders.    A 
similar  provision  was  made  on  the  outside  of  the  cylinders,  by  throwing  in  concrete 
between  the  cylinders*  and  building  concentric  rings  of  brickwork  upon  that :  over 
these  the  eortnetling  on  the  outside  of  the  cylinders  was  carried. 

413#     FouRACREs*  Well  Excavators. — To  replace  the  Jham  in  well 

sinking  on  the  Soane  Canal  works,  Mr.  0  FonracreSy 
C.E.,  invented  excavators,  as  described  below. 

Ordinary  Well  Excavator, — The  accom- 
panying drawing  will  make  the  constrnction 
and  action  of  the  Excavator  clear  with  very 
few  words  of  explanation ;  it  consists  of — 

\8t. — A  spear  of  1-inch  square  iron,  12 
feet  long,  with  shackle  at  the  top  to  sling 
it  by,  and  a  cross-head  at  bottom. 
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2nd, — Two  segmental  scoops,  hinged  on  the  ends  of  the  cross-head,  and 
forming  when  closed  (the  edge  of  one  slipping  just  within  the  other)  m 
bucket  of  rather  more  than  the  third  of  a  cylinder.  Materials,  sheet-iroft 
and  angle-iron  for  comers. 

Zrd, — Two  iron  collars  A,  B,  sliding  loosely  on  the  spear,  and  connectecl 
at  a  fixed  distance  asunder,  by  a  second  side  spear.  To  the  lower  collar 
are  attached  two  hinged  rods,  F,  to  open  and  shut  the  scoops.  To  tbe 
upper  collar,  a  small  wooden  platform,  ED,  is  fixed,  on  which  two  men  can 
stand  whose  weight  will  force  down  the  instrument ;  or,  in  working  below 
water,  an  iron  weight  can  be  substituted. 

Ath. — A  lever  hinged  on  the  top  of  the  spear  to  open  the  jaws  of  the 
scoop  when  over  the  discharge  platform. 
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6th. — Tlicre  are  also  two  stops  on  the  apear,  and  a  spring  clasp,  C,  to  bi| 

tlie  JBiTB  open  irhile  theaconp 

is  being  lowered. 
Tlie  actiun  la  very  simple. 

The  Dinchine  is  sinng  over 

the  TTcIl  or  block  bj  tackle 

and   pullejs  worked    l>j  m 

Trindlaea,  from  any  conre- 

nient  Tonn  of  staging  ;  it  is 

lowered,  nith  tlie  jawH  in  tli« 

open  position,  till  it  rests  on 

tlie  bottom  ;  the  ttro  attend- 
ants  step  on  tbe  plntfnnn, 

and  one  with  liis  foot  releases 

(he  spring  rlanp ;  the  wind- 

lass  men  at  once  wind  up, 
bnt  the  weight  o(  the  men  keeps  the  scoop  from 
rising  till  the  jaws  have  closed  and  it  is  full  of 
sand  ;  then  all  rise  together ;  the  two  men  step 
off  on  the  sides  of  the  well,  aad,  as  (he  fall 
bucket  rises  to  the  level,  they  sway  it  over  a 
wooden  platform  at  the  side,  and  pull  smartly 
at  tlic  lever;  the  jaws  open,  and  the  catch  holds 
them;  so  tliosnnd  falls  ont  on  t!ie  platform ;  the 
maclnne  swings  back,  and  is  immediately  lower- 
ed again,  wliile  the  sand  is  shoTcUcd  or  run  away. 
Tliis  can  be  repented  at  the  rate  of  one  lift  per 
minute,  lifting  1 J  to  li  cubic  feet  each  time. 

414.  Beep-  Well  l-:xcnvalor. — The  action  of 
this  Excavator  is  in  every  respect  similar  to  that  of  Foarttcres'  ordiour 
Excavatorforsmall  wells  with  this  exception,  that  the  process  of  closing  tlie 
Ecoopa  of  the  Excavator  is  performed  by  two  chains  and  a  windlass,  instead 
of  by  actual  pressure  by  nieu's  weiglit.  The  Excavator  is  lowered  intotlM 
well,  in  the  position  shown  in  the  drawing  {Plate  LVI.,)  t>y  the  cbaia  a, 
the  end  of  which  is  attached  to  a  windlass  in  any  convenient  position  :  ailki 
men  lower  the  chain  a,  tliose  at  the  windlass  b  wind  np  the  chains  c  «Uch 
become  loose  as  (he  Excavator  descends;  when  the  ExcaTAtorrekchetlk 
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When  the  Excarator  is  lifted  to  the  top  of  the  well  it  is  swajed  over 
the  side,  and  a  chain  attached  to  the  scaffolding,  which  has  been  previonslj 
adjusted  to  the  correct  length,  is  hooked  into  the  hook  h ;  the  men  at 
the  windlass  then  lower  away,  and  as  the  chain  attached  to  the  hook 
becomes  tightened,  the  weight  of  the  Excavator  causes  the  scoops  to  open 
and  discharge  their  load,  and  at  the  same  time  the  machine  is  re-set  ready 
for  lowering  into  the  well. 

416.  The  well  curbs  used  on  the  Dehree  Division  were  oCa  new  descrip- 
tion, and  while  being  very  inexpensive,  were  found  sufficient  for  the  purpose. 

The  curbs  were  simple  platforms  of  small  solid  hill  bamboos,  laid  close 

side   by  side,  well 
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lashed  at  the  cor- 
ners, and  with  un- 
der cleats  of  short 
lengths  lashed  on 
for  strengthening. 
All  crevices  were 
stuffed  with  grass, 
and  care  taken  that  no  bamboos  projected  beyond  the  masonry. 

When  round  wells  are  to  be  sunk,  the  bamboo  curb  is  thus  made  :— - 

MaM  WIi^mT  and  Bandtoom 


y 
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A  mould  wheel  of  timber  about  9  inches  by  4  inches  is  prepared,  whose 
inside  diameter  is  the  outside  diameter  of  the  curb;  holes  are  pierced 
through  this  to  receive  short  pieces  of  solid  hill  bamboos,  projecting 
inward  by  the  breadth  of  the  curb ;  these  are  wedged  in  ;  similar  bamboos, 
split  in  two,  are  now  coiled  round  and  round  (the  mould  wheel  being 
supported  2  feet  above  the  ground),  and  lashed  to  the  bamboos  till  the 
required  breadth  is  attained,  when  the  whole  is  sawn  out.    If  greater 
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Btiffnesfl  is  needed,  bamboos  can  be  coiled  both  above  and  below  the  cleats ; 
in  fact  a  wedge-shaped  curb  could  be  made.     But  the  single  bamboo  has 
been  found  sufficient  to  sink  wells. 6  feet  in  sand  without  cracking. 
The  cost  of  these  curbs  is  about  as  follows :— > 

sa  A.P. 

1.  Oblong  block,  10|  bj  6  feet  18  inches  walls — 

40  bamboos,  small, 050 

String, 0    2    0 

Labor, 020 

0    9    0 

2.  Circular  wells,  5  feet  inside,  6|  ont — 

20  bamboos, 026 

String,  0    2    0 

Labor, 0    2    0 


0    6    6 


417.  Bull's  Hand  Drrdgbb  (vide  Plate  LyiII).-^A  short  chain 
four  feet  long,  with  a  ring  in  the  centre,  should  be  attached  bj  its  ends  to 
the  rings  on  the  chains  working  the  machine.  To  the  centre  ring  the  chain 
for  lowering  and  raising  the  machine  is  to  be  fixed,  of  a  length  greater  or 
less  according  to  the  depth  of  the  well.  On  the  well  two  bullees  should 
be  fixed,  with  an  iron  block  made  fast  to  the  junction.  The  bullees  should 
not  be  less  than  10  or  12  feet  in  length,  stayed  on  either  side  to  the 
ground.  A  wooden  platform  6  feet  X  ^  feet  composed  of  1  inch  b£L 
planks  made  fast  to  two  under  cross  pieces,  is  also  required,  and  two 
f -inch  ropes,  one  made  fast  to  the  key  keeping  the  jaws  of  the  machine 
open,  and  the  other  to  the  centre  ring  in  the  short  chain  first-mentioned. 

In  working,  the  machine  is  opened  on  the  wooden  platform  and  the 
key  fixed.  It  is  then  lowered  into  the  well,  and  on  reaching  the  bottom 
the  key  is  withdrawn ;  the  rope  attached  to  the  latter  should  be  coiled  on 
one  side  of  the  platform  ready  for  use.  A  gentle  pulling-and-giving  motion 
should  now  be  applied  with  the  rope  attached  to  the  centre  ring  of  the 
short  chain,  slowly  at  fint^  and  as  this  peculiar  motion  causes  the  jaw  of 
the  machine  to  sink  or  cut  into  the  sand,  the  strain  should  be  increased^  till 
there  is  no  further  yielding  to  the  pull  which  two  men  can  put  on  the 
rope.  The  machine  should  then  be  raised  and  landed  on  the  wooden 
platform.  The  operation  of  re-setting  it,  for  lowering,  releases  the  subsoil 
brought  up,  and  sayes  all  trouble  in  emptying. 
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The  average  quantity  brought  up,  when  the  machine  is  properly  work- 
ed, is  2  cubic  feet ;  and  in  a  well  of  12  feet  G  inches  diameter,  38  feet 
deep,  there  is  no  difficulty  in  working  it  25  times  in  an  hour. 

Three  men  on  the  top  of  the  well,  (not  including  those  employed  in 
removing  the  sand,  which  is  best  done  by  contract,)  and  15  men  to  pull, 
are  required  to  work  the  hand  dredger.  The  average  performance  per 
day  in  a  12  feet  G  inches  well  is  3  feet  of  sinkage  for  regular  work ;  and 
practically  speaking  the  depth  of  the  well  is  of  no  consequence,  the  differ- 
ence of  time  taken  by  the  coolies  walking  10  or  50  feet  being  inappreci- 
able as  compared  with  the  time  taken  by  each  operation. 

The  dredger  is  principally  intended  for  working  in  sand,  but  brings  up 
anytliing  which  is  cut  up  so  that  it  can  grip  it.  The  motion  of  the  wells 
being  constant,  they  should  not  require  weighting ;  and  up  to  35  feet,  it 
has  not  been  found  necessary  to  weight  the  well. 

This  dredger  is  used  extensively  on  the  large  bridges  of  the  Oudh  and 
Eohilcund  Railway,  and  for  the  Punjab  Northern  State  Railways  in  pre- 
ference to  any  form  of  excavator. 

418.  Webb's  Subaqueous  Excavator. — In  the  Madras  Railways  an- 
other form  of  Excavator  (as  illustrated  in  Plates  LIX.  and  LX.,)  some- 
what similar  in  principle  to  Fouracre's  and  Bull's,  has  been  used  with 
great  success. 

The  excavator  is  a  cylinder,  from  which  about  a  fourth  part  is  remov- 
ed, to  form  horizontal  and  vertical  cutting  edges  a,  b,  in  both  Plates. 
It  is  formed  of  boiler  plate  riveted  to  angle  iron  framing.  On  top  are 
two  iron  catches  C,  D,  which  receive  the  wrought-iroi\  bow  E  ;  this  slides 
up  and  down  the  square  guide  bar  F. 

To  the  upper  side  of  this  bow  the  hoisting  chain  G,  is  attached  by 
short  pieces  h,  i,  while  underneath  a  pair  of  short  chains  k,  Z,  connect  it 
with  the  excavator. 

Tlie  square  bar  F,  by  means  of  which  the  excavator  is  turned  and 
guided  in  its  ascent  and  descent,  together  with  its  capstan,  crab-winch, 
and  framing,  all  clearly  shown  in  the  drawings,  complete  the  apparatus. 
The  guide  bar  F  is  made  in  convenient  lengths,  connected  by  the  joint  X, 
and  carries  a  sliding  collar  N,  which  can  be  clamped  at  any  part  of  it,  by 
means  of  a  pinching  screw  r. 

On  each  side  of  this  collar  a  hook  is  rivetted  for  the  purpose  of  sup- 
porting the  hoisting  chains  G,  when  disconnected. 
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-I- 


WEII'I  tOltllUEOIIi   EICMtTH. 


414  FOUNPATIONB. 

The  cost  of  a  steam  winch  4-hor8e  power  with  boiler  and  steam  fittings 
complete  would  be  about  Hs.  1,800*  Assoming  these  data,  the  cost  of 
working  would  be,  as  under  :— 

By  Manual  Labor, 

B&   A.    p. 

6  Men,  at  Ba  0-6-0  per  day,.*        ••••••  2     4      0 

1  Mistry,  atBs.       ••         ..         ..*      ••         ••  10      0 

Wear,  depreciation  of  machiDerj,  repairs  at  25  per )  0     ft     lo 

cent  pcnr  annnm  on  valne,  Ra.  800,  •  •        • .  j  u     o     in 

Bojalty  on  patent,  Ra.  500  per  annnm,     •  •        •  •  19      7 

Cost  per  day, Total,  5     15 

for  60  cubic  feet  excavated,  or  a  rate  of  Rs.  0-1-4  per  cubic  foot  =:  Ss. 

2-4-0  per  cubic  yard. 

By  Steam  Power, 

B8.  a.  p. 

1  Engine  driyer,  at  Rs.  1  per  day,         ••        ••        ••  1  0  0 

1  Stoker,  at  Rs.  0-8-0,          0  8  0 

7  Men  coolies,  at  Rs.  0-4-0,            ..         • 1  12  0 

2\  Cwt  coal,  at  Rs.  SO  a  ton,           8  12  0 

f  lb.  Oil 0  2  0 

25  Per  cent,  on  Ra.  2,100  for  wear,  depreciation, )  1    10    10 

and  repairs  of  matrhinery, f      *  *  u    lu 

Royalty  on  patent, 1      9      7 

Cost  per  day, Total,   10      6      5 

Quantity  excavated  180  cubic  feet,  or  a  rate  of  Bs.  0-0-11  per  enbic 
foot,  or  Rs.  1-8-9  a  cubic  yard. 

If  wood  fuel  be  used,  the  cost  would  be  for  fuel  7}  cwt.,  at  Rs.  8 
per  ton  =  Rs.  1-2-6.  This  would  reduce  llie  cost  of  working  to  Rs. 
7-12-11  a  day  c=  Rs.  0-0-8  per  cubic  foot,  or  Rs.  1-2-0  per  cubic  yard. 
This  excavator  had  a  prolonged  practical  trial  in  sinking  the  Iron  Cy- 
inder  foundations  for  the  Kudlahoondy  Bridge,  Madras  Railway.  Twen- 
ty-six cylinders  6  feet  diameter,  were  sunk  by  means  of  these  excavators 
to  depths  of  from  37  feet  to  65  feet  below  the  water  level, 

through    2  feet  of  mud. 
„         10         „     sand. 
„        25        „     blue  clay. 
„         15         „     laterite  gravel,  very  hard. 
„  3        „     decayed  granite. 

The  above  trial  prores  beyond  doubt  its  practical  yalue. 
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419.  Sand  pump  (yide  Plate  LXI). — A  machine  called  the  Sand 
pump  has  of  late  years  been  much  employed,  chiefly  on  the  large  Hallway 
Bridges,  which  is  decidedly  superior  to  the  jham,  especially  when  the  depth 
of  sinking  is  great ;  but  it  is  not  preferred  by  all  Engineers  to  the  excava- 
tors and  hand  dredgers  above  described. 

It  consists  of  a  cast  iron -cylinder  3  feet  in  diameter  and  2  feet  high, 
closed  at  top  with  an  air-tight  cover,  in  which  are  several  holes  fitted 
with  leather  or  indian-rubber  valves  opening  upwards.  Above  this  cover 
is  a  smaller  cast-iron  cylinder,  1  foot  long,  and  10  inches  in  diameter, 
in  which  is  a  leaden  piston  which  works  easily  up  and  down,  having 
four  valves  in  it,  also  opening  upwards.  This  piston  is  worked  by  a  rod 
2  feet  long,  having  an  eye  on  the  upper  end  for  the  pumping  tackle. 

The  large  cylinder  has  also  a  bottom  cover,  which  is  however  remoT- 
able,  and  to  the  centre  of  which  is  fitted  the  suction  pipe,  as  shown  in  the 
drawing.  This  cover  is  held  in  its  place  by  lugs  fastened  with  cotter 
pins.  Oa  the  lower  part  of  the  pipe,  radiating  cutters  are  now  generally 
fixed,  made  of  J-inch  plate  iron,  sharpened  and  steeled  at  the  edge,  and 
9  inches  deep. 

In  working — the  pump  is  lowered  to  the  bottom  of  the  well  by  means 
of  tackle  connected  with  eyes  cast  on  the  sides  of  the  large  cylinder. 
If  anything  hard  is  met  with,  the  pump  can  be  lifted  about  4  feet,  and 
jumped  up  and  down  until  the  cutters  have  broken  it.  When  once  fixed 
in  the  sand,  the  piston  of  the  pump  is  worked  up  and  down  by  means  of 
a  rope  and  pulley,  until  the  resistance  shows  that  the  larger  cylinder 
is  full,  or  nearly  so,  of  sand  and  water,  when  the  pump  itself  is  raised 
to  the  surface.  Then  one  of  the  trollies,  which  work  on  a  tramway,  being 
run  over  the  centre  of  the  pier,  receives  the  pump.  The  cotter  pins  are 
then  knocked  out,  and  the  lugs  turned  round — the  body  of  the  pump  is 
lifted,  and  the  bottom  is  left  on  the  trolly  with  its  load  of  sand.  The 
trolly  is  then  pushed  away,  another  run  under  with  a  spare  bottom,  which 
ib  fitted,  and  the  pump  descends  while  the  first  bottom  is  being  cleared  out. 

The  pumps  can  be  lowered  and  raised  either  by  a  gang  of  men  work- 
ing by  an  ordinary  pulley  and  chain  ;  or,  what  is  better,  by  a  steam  hoist. 

The  work  done  by  means  of  these  sand  pumps  is  very  greatly  in  excess 
of  what  can  be  done  by  the  ordinary  jham,  especially  when  the  depth  of 
water  is  great.  On  the  Delhi  Railway  where  they  were  in  extensive  use, 
the  12^  feet  diameter  masonry  wells,  which  form  the  pier  foundations  to 
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the  bridges,  have  been  sank,  40  feet  through  sand  and  water,  with 
interyening  stratum  of  clay  6  feet  thick  and  1 6  feet  from  the  surface,  and 
a  depth  of  3  to  7  feet  has  been  constantlj  achieved  in  one  day.  The 
pumps  will  also  lift  bricks  and  stones  if  not  too  large  for  the  suction  pipe. 
420.  Foundations  in  Water. — In  laying  foundations  in  water,  two 
difficulties  have  to  be  overcome,  both  of  which  require  great  resources  and 
care  on  the  part  of  the  engineer.  The  first  is  found  in  the  means  to  be 
used  in  preparing  the  bed  of  the  foundation :  and  the  second,  in  securing 
the  bed  from  the  action  of  the  water,  to  ensure  the  safety  of  the  founda- 
tions. The  last  is,  generally  the  more  difficult  problem  of  the  two ;  for  a 
current  of  water  will  gradually  wear  away,  not  only  every  variety  of  loose 
soils,  but  also  the  more  tender  rocks,  such  as  most  varieties  of  sand-stone 
and  the  calcareous  and  argillaceous  rocks,  particularly  when  they  are 
stratified,  or  are  of  a  loose  texture. 

To  prepare  the  bed  of  a  foundation  in  stagnant  water,  the  only  diffi- 
culty that  presents  itself  is  to  exclude  the  water  from  the  area  on  which 
the  structure  is  to  rest.  If  the  depth  of  water  is  not  over  4  feet,  this  is 
done  by  surrounding  the  area  with  an  ordinary  water-tight  dam  of  clay,  or 
of  some  other  binding  earth.  For  this  purpose,  a  shallow  trench  is  form- 
ed around  the  area  by  removing  the  soft,  or  loose  stratum  on  the  bottom ; 
the  foundation  of  the  dam  is  commenced  by  filling  this  trench  with  the 
clay,  and  the  dam  is  made  by  spreading  successive  layers  of  clay  about  one 
foot  thick,  and  pressing  each  layer  as  it  is  spread,  to  render  it  more  com- 
pact. When  the  dam  is  completed,  the  water  is  pumped  out  from  the  en- 
closed area,  and  the  bed  for  the  foundation  is  prepared  as  on  dry  land. 

42L  Coffer-dam. — When  the  depth  of  stagnant  water  is  over  4 
feet,  and  in  running  water,  of  any  depth,  the  ordinary  dam  must  be  replac- 
ed by  the  Coffer-dam.  This  construction  consists  of  two  rows  of  planks 
or  Sheeting  pileSy  driven  into  the  soil  vertically,  forming  thus  a  coffer  work, 
between  which  clay  or  binding  earth,  termed  the  Puddling,  is  filled  in,  to 
form  a  water-tight  dam  to  exclude  the  water  from  the  area  enclosed. 

The  arrangement,  construction,  and  dimensions  of  coffer-dams  depend 
on  their  specific  object,  the  depth  of  water,  and  the  nature  of  the  subsoi] 
on  which  the  coffer-dam  rests. 

With  regard  to  the  first  point,  the  width  of  the  dam  between  the  sheet- 
ing piles  should  be  so  regulated  as  to  serve  as  a  scaffolding  for  the  machi- 
nery and  materials  required  about  the  work.     This  is  peculiarly  requisite 
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where  the  cofFer-dam  encloses  an  isolated  position  removed  from  the  shore. 
The  interior  Bpsce  enclosed  by  the  daiu  should  hnve  the  requisite  capncjly 
for  receiving  the  bed  of  the  foundations,  and  such  mBteri&ls  sod  macbi- 
nerj  ns  may  be  required  within  the  dam. 

The  width,  or  tliickness  of  the  coGTer-dBm,  hy  which  is  understood  the 
distance  betiyeen  the  sheeting  piles,  should  be  sufHcient  not  only  to  be  im- 
permeable to  water,  but  to  form,  by  the  weight  of  the  puddling,  in  combi- 
nation with  the  resistance  of  the  timber  work,  a  wall  of  snfBcient  strength 
to  resist  the  horizontal  pressure  of  the  water  on  the  exterior,  when  the 
iiiterior  space  is  pumped  dry.  The  resisUnca  offered  by  the  weight  of 
tlie  piiddliiig  to  the  pressure  of  the  water  can  be  easily  calculated;  that 
offered  by  the  timber  work  will  depend  upon  the  manner  in  which  the 
framing  isarranged,  and  the  means  taken  to  stag  or  buttress  the  dam  from, 
the  enclosed  space. 

422.  The  most  simple  and  the  nsnal  construction  of  a  cofTcr-dam 
consists  in  driving  a  row  of 
ordinary  stiaight  piles  (a) 
around  the  area  (B)  to  be 
enclosed,  placing  their  centre 
lines  about  4  feet  asunder, 
A  second  row  (a')  is  driven  ^^^£^ 
pHralle)  to  the  Grst,  the  re- 
spective )iiles  being  the  same 
distance  apnrt ;  the  distance 
a  a'  hetweeti  the  centre  lines 
of  the  two  rows  being  so 
regulated,  as  to  leave  the 
requisite  thickness  between 
the  sheeting  piles  for  the 
dam.  The  piles  of  each  row  are  connected  by  a  horizontal  beam  of 
square  timber,  termed  aslrtng  or  wale  piece,  b,  i' placed  a  foot  or  two  above 
the  highest  water  line,  and  notched  and  bolted  to  each  pile.  The  string 
pieces  (6')  of  the  inner  row  of  piles  ia  placed  on  the  side  nest  to  the  area  en- 
closed, and  those  b  of  the  outer  row  on  the  outside.  Cross  beams  x  of  sqnara 
timber  connect  the  string  pieces  of  the  two  rows,  npon  which  they  are 
notched,  siTving  both  to  prevent  the  rows  of  piles  from  spreading  from 
the  pressure  that  may  be  thrown  on  ttiem,  and  aa  a  jointing  for  the  scaf- 
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folding.  On  the  opposite  sides  of  the  rows,  interior  string  pieces  ce  ftin 
placed,  aboat  the  same  level  with  the  exterior,  for  the  purpose  of  serring 
both  as  gaides  and  supports  for  the  sheeting  piles.  The  sheeting  piles  d^  d^ 
being  well  jointed,  are  driven  m  juxtaposition,  and  against  the  interior 
string  piece?.  A  third  course  of  string,  or  ribbon  pieces  /,  /,  of  smaller 
scantling  confine,  by  means  of  large  spikes,  the  sheeting  piles  against  the 
interior  string  pieces. 

As  has  been  stated,  the  thickness  of  the  dam  and  the  dimensions  of  the 
timber  of  which  the  coffer  work  is  made,  will  depend  upon  the  pressure 
due  to  the  head  of  water,  when  the  interior  space  is  pumped  dry.  For 
extraordinary  depths,  the  engineer  would  not  act  prudently  were  he  to 
neglect  to  verify  by  calculation  the  equilibrium  between-  the  pressure  and 
resistance;  but  for  ordinary  depths  under  10  feet,  a  rule  followed  is  to 
make  the  thickness  of  the  dam  10  feet;  and  for  depths  over  10  feet  to 
give  an  additional  thickness  of  one  foot  for  every  additional  depth  of  three 
feet.  This  rule  will  give  every  security  against  filtrations  through  the  body 
of  the  dam,  but  it  might  not  give  sufficient  strength  unless  the  scantling 
of  the  coffer  work  were  suitably  increased  in  dimensions. 

423.  The  main  inconvenience  met  with  in  coffer-dams  arises  from  the 
difficulty  of  preventing  leakage  under  the  dam.  In  all  cases  the  piles  must 
be  driven  into  a  firm  stratum,  and  the  sheeting  piles  should  equally  have  a 
firm  footing  in  a  tenacious  compact  sub-stratum.  When  an  excavation  is 
requisite  in  the  interior  to  uncover  the  subsoil  on  which  the  bed  of  the 
foundation  is  to  be  laid,  the  sheeting  piles  should  be  driven  at  least  as  deep 
as  this  point,  and  somewhat  below  it  if  the  resistance  offered  to  the  driv- 
ing does  not  prevent  it. 

The  puddling  should  be  formed  of  a  mixture  of  tenacious  clay  and  sand, 
as  this  mixture  settles  better  than  pure  clay  alone.  Before  placing  the 
puddling,  all  the  soft  mud  and  loose  soil  between  the  sheeting  piles  should 
be  carefully  extracted;  the  puddling  should  be  placed  and  compressed 
in  layers,  care  being  taken  to  agitate  the  water  as  little  as  practicable. 

With  requisite  care,  coffer-dams  may  be  used  for  foundations  in  any 
depth  of  water,  provided  a  water-tight  bottoming  can  be  found  for  the 
puddling.  Sandy  bottoms  offer  the  greatest  difficulty  in  this  respect,  and 
when  the  depth  of  water  is  over  5  feet,  extraordinary  precautions  are  re- 
quisite to  prevent  leakage  under  the  puddling. 

424.  Seotee  Coffer-dam. — The  following  is  the  Specification  for  the 
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coffer-dun  used  for  lafbag  in  (lie  foandAtion  on  the  Beoteo  Bridge,  QmX 
Decc&n  Bosd:— 

Half  >  mile  afacrre  llu  site  of  Uiehridgethebedof  tlw  TirercoiuiEtaentiieljof  Mud- 
■ton«  rock,  wbich  ia  coiuidersblj  brokeo  np  and  tbrowD  aboat  ia  maiaefl.  At  rite  the 
bed,  to  a  depth  of  t  feet,  \»  of  sand  and  hndgerte,  lajiug  od  b  Btratum  of  bias  loam 
of  dwaity  and  tenacity  graduallj  incnaung  with  the  depth.  At  10  feet  the  wdl  to 
firm  and  Maacioai  and  can  be  trusted.    The  diy  weather  itream  li  about  12  Inchea 

The  reason  for  Mlecldag  coffer-dam  instead  of  well  or  block  fonndatioiia  in  this  caaei 
ii  the  bigb  probability  of  meeting  with  lar^  bonlder  stooeB  or  slaba  of  the  eand-stone 
rock  from  npstream,  bedded  at  a  depth  lielow  the  snrface,  which  wonld  interfere 
greatly  with  the  sinkoge  of  the  blocks,  and  probably  altogether  froatiate  any  attempt 
at  obtaining  a  secare  foandation  by  those  means. 

The  Dstnre  of  the  anhsCratam,  moreover,  while  it  affords  fadliUes  for  the  constine- 
tbn  of  a  coffer-dam,  would  canse  much  labor  to  the  well-rinker. 

The  coffer-dam  will  consist  of  a  single  line  of  aheet-piling  driven  and  aecnred  as 
hereafter  shown  for  the  foundation  of  one  of  the  pien. 

The  timber  for  the  piles  Co  be  of  sil  wood,  to  be  caref  nllj  •elected,  sbaight-gralned, 
free  from  knots  and  ring  shakes. 

The  gauge  piles  alone  will  be  mng  with  an  iron  hoop  S  X  |  inches  i  thew  will  also 
^  sbod  with  cast-iren  sboea  of  the  form  shown  in  the  dilgram,  with  a  sqaare  abnt> 
tnent  for  the  pile  to  rest  on. 

The  sheeting-piles  will  not  be  shod,  bnt  the  end  will  be  ettt  with  an  inclined  edge 
to  gire  the  pile  a  drift  towards  the  next  pile.  The  aheedng  pile*  will  all  be  carafnlly 
fitted  to  each  other  before  driving  to  eniore  close  contact. 

The  wedge  piles  will  be  tapered  2  inches  in  a  regnlar  taper  for  fiie  lower  6  feet,  tbe 
eldea  of  the  tipper  9  feet  being  left  parallel. 

The  space  to  be  inclosed  is  in  the  clear  13  x  10  feet  witliiii  the  sheetiiig.    Eaob 


long  ride  will  be  divided  into  6  equal  hf%,  6  fttt  5  inches  long  eicb  i  ud  each  nd 


The  sheet  pilea  to  fill  np  the  bay*  are  tu  be  driren  trolj,  ind  each  I 
a  vedge  pile  tu  make  tlie  dun  walci^tight 

When  tile  piles  are  all  driTcn,  behind  each  gange  pile  and  a 
froni  it,  uu  the  outside,  a  pile  G  x  6  inches  vrill  be  driven  10  feet,  i 
11  feet  above  the  water  line.    Through  moitisea  in  the  head  of  thit 


ponding  gaoge  pile,  a  piece  of  2)  x  t  inches  flat  bar  iron  will  1 
■lots  in  which  wedge  keja  will  be  driven,  against  iron  platea  Uiil  aj 

A  shore  oF  timber  C  x  C  ilchea  will  be  laid  across  between  the  1 
of  gauge  piles,  AA,  on  each  side  uf  the  centre  of  the  dam. 

The  excavation  will  then  be  comnieiiced,  and  having  cleared  6  f 
of  wiiles  will  be  taken  off  and  Gxcd  at  that  depth  against  the  iiuide 
red  and  stmttcd  across  to  add  to  its  stiffneBa, 

As  the  excavation  proceeds  the  water  will  be  baled  oat,  and  the  i 
pilcii  will  be  well  caulked  and  payed  with  oakum  and  tar. 

Siraultaneously  with  the  interior  excavation,  and  carried  on  with 
the  soil  will  be  removed  from  the  outside  to  as  great  a  depth  with  i 
below  water  line  as  possible.  This  will  be  filled  with  puddled  da 
that  if  the  exterior  can  be  thus  cleared  to  a  depth  of  7  feet  beloir  n 
no  difficult;  iu  laying  the  interior  of  the  dam  nearly  dij. 

Wllen  the  interior  excavation  has  reached  10  feet  below  the  wi 
brooght  to  a  level,  a  bed  of  concrete  12  inches  tbick  will  be  caiefnll 
Laving  been  previouslj  permitted  to  fill  with  water.  The  ooncret 
lowered  in  baskets,  and  be  bronght  to  a  level  on  it<  sorfsce.  This 
lie  nndistorbed  nntil  thoroughly  set,  which  shoald  occur  in  20  day 
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As  therr  wonld  be  danger  of  disturbing  the  bed  by  drawing  the  piles,  they  Jwill  bo 
cnt  off  on  completion  of  the  work  at  6  inches  below  the  water  line. 

425.  Caisson. — When  the  depth  of  water  is  great,  or  when,  from  the 
permeability  of  tlie  soil  at  the  bottom,  it  is  difficult  to  prevent  leakage,  a 
coffer-dam  may  be  a  less  economical  method  of  laying  foundations  than  the 
caisson.  The  Caisson  is  a  strong  water-tight  vessel  having  a  bottom  of 
solid  heavy  timber,  and  vertical  sides  so  arranged,  that  tliey  can  be  readily 
detached  from  the  bottom. 

A  bed  is  prepared  to  receive  the  bottom  of  the  caisson,  by  levelling  the 
soil  on  which  the  structure  is  to  rest,  if  it  be  of  a  snitHble  character  to  re- 
ceive directly  the  foundation ;  or  by  driving  large  piles  through  the  upper 
compressible  strata  of  the  soil  to  the  firm  stratum  beneath.  The  heads  of 
the  piles  are  sawed  off  on  a  level  to  receive  the  bottom  of  the  caisson. 

426.  It  is  essential  that  the  bed  shall  be  level,  otherwise  the  cross 
strain  on  the  unsupported  parts  of  the  timbers,  leads  to  fractures  and 
dangerous  movements  in  the  superstructure,  as  in  the  well  known  case  of 
Westminster  Bridge.  In  hard  ground  which  cannot  be  levelled,  and  where 
piles  (as  suggested  above)  cannot  be  used,  a  bottomless  caisson  should 
be  used,  lined  with  tarpaulin  allowed  to  adapt  itself  freely  to  the  form  of  the 
bed,  and  beton  can  then  be  lowered  to  the  bottom  (as  described  in  para, 
128,  of  the  Chapter  on  Limes  and  Concretes).  The  loose  tarpaulin  lining  is 
essential  to  protect  beton  while  filling  up  all  the  inequalities  of  the  bed 
from  the  washing  action  of  the  water,  before  it  has  had  time  to  set.  If 
the  hard,  uneven  bed  be  thus  levelled,  and  floored  with  b^ton,  the  founda- 
tions may  be  carried  up  within  the  caisson  with  masonry,  brick-work, 
&c.,  as  preferred. 

427.  If,  however,  an  ordinary  caisson  with  a  timber  bottom  be  used, 
before  settling  it  on  its  bed,  it  must  be  floated  to  and  moored  over  it; 
and  the  masonry  of  the  structure  is  commenced  and  carried  up,  until  the 
weight  grounds  the  caisson.  The  caisson  should  be  so  contrived,  that  it 
can  be  grounded,  and  afterwards  raised,  in  case  that  the  bed  is  found  not 
to  be  accurately  levelled.  To  effect  this,  a  small  sliding  gate  should  be 
placed  in  the  side  of  the  caisson,  for  the  purpose  of  filling  it  with  water 
at  pleasure.  By  means  of  this  gate,  the  caisson  can  be  filled  and  ground- 
ed, and  by  closing  the  gate  and  pumping  out  the  water,  it  can  be  set 
afloat. 

After  the  caisson  is  settled  on  its  bed,  and  the  masonry  of  the  structure 
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is  raised  above  tlie  surface  of  the  water,  the  sides  are  detached,  by  fiiA 
unscrewing  the  nuts  and  detaching  the  rods,  and  then  taking  off  the  top 
cross  pieces.  By  first  filling  the  caisson  with  water,  this  operatioa  d 
detaching  the  sides  can  be  more  easily  performed. 

428.  Pierre  Perdue  FoundatioM. — Where  the  area  occupied  by  a  rtrw- 
ture  is  yery  considerable,  and  the  depth  of  water  great,  the  methods  wbidi 
have  thus  far  been  explained  cannot  be  used.  In  such  cases,  a  firm  bed  is 
made  for  the  structure,  by  forming  an  artificial  island  of  loose  heavy  bloda 
of  natural  stone  or  prepared  beton  (as  mentioned  in  the  Chapter  on  "  Con- 
cretes "  para.  128),  which  are  spread  over  the  area,  and  receive  a  batter  ot 
from  one  perpendicular  to  one  base,  to  one  perpendicular  and  six  bsK^ 
according  to  the  exposure  of  the  bed  to  the  effects  of  waves.  This  bed  ■ 
raised  several  feet  above  the  surface  of  the  water,  according  to  thenatam 
of  the  structure,  and  the  foundation  is  commenced  upon  it. 

429.  To  give  perfect  security  to  foundations  in  running  water,  the  iol 
around  the  bed  must  be  protected  to  some  extent  from  the  actiim  of  tbt 
current.  The  most  ordinary  method  of  effecting  this,  is  by  throwing  ii 
loose  masses  of  broken  stone  of  sufficient  sice  to  resist  the  force  of  the 
current.  This  method  will  give  all  required  security,  where  the  soil  iaaol 
of  a  shifting  character,  like  sand  and  gravel.  To  secure  a  soil  of  this  lait 
nature,  it  will  in  some  cases  be  necessary  to  scoop  out  the  bottom  aiooid 
the  bed  to  a  depth  of  from  3  to  6  feet,  and  to  fill  this  excavated  part  with 
b^ton,  the  surface  of  which  may  be  protected  from  the  wear  arising  froa 
the  action  of  the  pebbles  carried  over  it  by  the  ourrenti  by  coTeziDg  ft 
with  broad  flat  flagging  stones. 


CHAPTER    XX. 


RETAINING  WALLS. 


480.  The  name  of  Retaining  wall  is  applied  generally  to  all  walls 
Indlt  to  anpport  a  mass  of  earth  in  an  upright  or  nearly  upright  posi- 
tion; bat  the  term  is,  strictly  speaking,  restricted  to  walls  built  to  retain 
an  arUfical  bank,  those  erected  to  sustain  the  face  of  the  solid  ground 
iMing  called  Breast  walla.  Fig.  1. 

RetalTilng  walls.— Many 
nl«i  hare  been  given  by  dif- 
fcmt  writers  for  calculating 
the  tfamtt  which  a  bank  of 
•Mill  exerts  against  a  retain- 
ing wally  and  for  determining 
the  form  of  wall  which  af- 
fords the  greatest  resistance 
with  the  least  amount  of 
material.*  The  application 
of  these  roles  to  practice  is,  however,  extremely  difficult,  because  we  have 
no  means  of  ascertaining  the  exact  manner  in  which  earth  acts  against  a 
wall ;  the  rules  are,  therefore,  of  value  only  in  determining  the  general 
principles  on  which  the  stability  of  these  constructions  depends,  and  the 
rates  in  which  pressure  and  resistance  increase  with  reference  to  known 
causes;  and  althongh  conclusions  thus  obtained  cannot  be  exact,  they 
serve  as  approximations.  A  calculation  known' to  be  right  within  certain 
limits  is  better  than  a  mere  guess,  and  will  prevent  serious  mistakes 
from  being  committed,  especially,  as  in  these  cases,  the  calculations  should 
always  be  founded  on  a  supposition  less  favorable  to  stability  than  the 
actual  circumstances  of  the  case. 


•  5m  ft  terfef  of  Tcvy  able  pftpen  Iqr  J*  H.  B.  Hart,  Baq^  G  B ,  in  the  *'  Profemonia  Papen  on 
Xndktti  Bnglneering. 
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431.  Calculation  of  Stability.— The  calculation  of  the  sttblUtj  d 
a  retaiuiug  wall  divides  itself  into  two  parts. 

Ist^ — The  tlirust  of  the  earth  to  be  supported. 

2nd, — The  resistance  of  the  wall. 

The  line  of  rupture  is  that  along  which  separation  takes  place  in  cueol 
a  slip  of  earth  {see  BE,  Fig,  2).  The  slope  which  the  earth  would  aasam, 
if  left;  totally  unsupported,  is  called  the  natural  slope  (BF),  and  it  has  bea 
found  that  tlie  lino  of  rupture  generally  divides  the  angle  formed  bj  the 
natural  slope  and  the  back  of  the  wall  when  vertical^  into  nearly  equal 
parts. 

The  centre  of  pressure  is  that  point  in  the  back  of  the  wall,  abore  aal 
below  which  there  is  an  equal  amount  of  pressure ;  and  this  has  been  fomi 
by  experiment  and  calculation  to  be  at  two-thirds  of  the  Tertical  hta^ 
of  the  wall  from  its  top. 

Amount  and  Direction  of  the  Thrust — The  real  thrast  of  any  bank  will 
depend  on  a  variety  of  conditions  which  it  is  impossible  to  redace  to  cal- 
culation :  for,  although  we  may  by  actual  experiments  with  sand,  gravel, 
and  earths  of  different  kinds,  obtain  data  whence  to  calcnlate  the  thnitt 
exerted  by  them  in  a  perfectly  dry  state,  another  pomt  most  be  attended 
to  when  we  attempt  to  reduce  these  results  to  practice,  viz^  the  sction  of 
water,  which,  by  destroying  the  cohesion  of  the  particles  of  earth,  bripgi 
the  mass  of  material  behind  the  wall  into  a  semi-fluid  state,  rendering  iti 
action  more  or  less  similar  to  that  of  a  fluid  according  to  the  degree  of 
saturation. 

The  tendency  to  slip  will  also  very  greatly  depend  on  the  manner  it 
which  the  material  infilled  in  against  the  wall.  If  the  ground  be  henckei 
out  {see  Fig.  1),  and  the  earth  well  punned  in  layers  inclined  yrowi  the  will, 
the  pressure  will  be  very  trifling,  provided  only  that  attention  be  paid  to 
surface  and  back  drainage.  If  on  the  other  hand,  the  bank  be  tip[»ed,  in 
the  manner  too  frequently  permitted,  in  layers  sloping  towards  the  wall, 
a  greater  pressure  of  the  earth  will  be  exerted  against  it,  and  it  mast  be 
made  of  corresponding  strength. 

432.  In  dry  earth  cohering  until  disturbed,  the  amount  of  thrust  may 
be  calculated  as  follows  :— 

The  slope  which  the  earth  to  be  supported  would  assume  when  left  to 
itself  being  ascertained,  the  line  of  rupture,  and  the  weig^ht  of  the  prism 
of  earth  liable  to  slip  down  that  line,  are  thence  foimd. 
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Let  the  Kcompnijing  fignre  represent  an  npright  rectangnlar  retnining 
nU,  whose  top  is  on  a  lerel  with  the  sarface  of  the  mass  rettined ; 
BF  being  tlie  line  of  nalnral  slope  and  BE  the  line  of  rnpture  bisecting 
4ha  angle  a. 

BDE  il  the  maai  tending  to  OTertom  the  -wtH,  tmi  as  the  neiglit  of 


F^.  a. 


this  mass  acts  rerti- 
cMj  along  the  line 
00;  (0  being  ita  cen- 
tre of  griTity  ;)  the 
direction  of  this  force 
meets  the  plane  BE 
in  0. 

Nov,    the    mass 
BDE  is  kept  in  ita 
place  hj  the  follow- 
ing forces,  viz. : — ■ 
"Mf  the  re-Bction  of  the  plane  BE,  at  right  angles  to  the  plane. 
P,  the  reeiatance  of  the  wall,  at  right  angles  to  the  back  of  the  wall. 
/B,  the  friction  acting  along  the  plane  BE,  (/  being  the  co-efBcient 

of  friction  of  the  earth,)  and 
W,  the  weight  of  the  mass. 

It  may  be  shown  that  the  point  N,  the  centre  of  presanre  of  the  eai-th 
agaimt  the  wall,  is  one-third  of  the  height  of  the  wall  from  tlie  base — 
ftr, 

Ka:aE:;  i:2,bntKG:GB:;  bo:oe 
: : BN :  KD 

.-.  bn  ;  ND : :  1 : 2,  or  bn  =  ?g° 

The  friction  /  R  is  some  fraction  of  the  pressure  R,  /  being  the  co- 
^dent  of  friction.     Bat  as  BF  is  the  line  of  natural  slope  of  the  earth, 

/=Un9=  coto  =  ^. 

BesoWing  these  forces  as  follows — 

P=  Rcos^  -/RBin|  =  Rcos  J  -  R  ^  "n  | 
W=Rein|+/Rco8|=Rain|+  R^<«>s| 

VOL.  I.— THIkD   EDITIOH.  S   I 
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cos*  -  -  8m»- 
«              ^              - 

.  I. 

2««2 

••  If 

•  •In  **     1 

•^"a  * 

ft    •    «  2 


=  ta&i 

a  ■ 


2. in  5 


w 


and  P=  Wtan-or  =  —  A  *tan'  -  ;  to  being  the  weight  per  cnUe 

of  the  earth.* 

Therefore,  the  mooient  of  the  earth  pressure  against  the  iraH 

X  ^  (A  being  the  height  of  the  wall),  =  ^-  W  tan  ^  =  -^  A»  tan' ' 

this  may  he  equated  with  the  moment  of  stability  of  the  wall. 

It  uiil  be  observed  that  t)ie  moment  of  stability  of  the  wall, 
dfrstood  here,  is  purely  staticHl,  Hud  no  a<TOiint  has  been  taken 
additionu]  strength  which  the  wall  could  offer  through  the  resiati 
direct  tension)  of  the  mortar  joint  at  AB. 

PracticHlIy,  however,  this  is  so  small  as  compared  to  the 
resistance  of  the  weight  of  the  wall,  that  it  is  always  omitted  id  caU 
and  uiasonry  or  briitkworic  structures  are  designed  on  the  sap 
that  the  joints  have  no  appreciable  tenacity. 

If  w^  bo  the  weight,  per  cubic  foot,  of  the  masonry  of  the  wa 
height,  and  b  the  base ;  then,  if  we  leave  the  mortar  joint  out  of  t 

tion,  the  moment  of  stability  of  the  wall  will  be  ~ —   and  equa 
with  the  moment  of  the  earth  pressure,  we  have — 

2  6  2 

u,.  ja  =  ^  tan2  ± 


.-.  b  =    /pL.  un»  t 


=z-58Atano    /  !L 


2 /■=: 


♦  If  the  body  to  he  supported  by  the  wall  were  a  perfect  flaid^  snch  as 
yaluc  of  9  would  be  0,  and  a  =  OO",  therefore  this  expression  woold  tn 

tan«  45*  =:  j  A«  =  (for  water)  ^  h^  =z  31-25  h^ ;  621  ^^  being  the  weight 
foot  of  water. 
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433.  In  this  equation  tho  line  of  resistance, — the  line  of  rrsnltant 
pressures, — has  been  assumed  to  pass  tliron^^h  the  outer  angle  of  tlie  l>ase 
of  the  wall,  and  the  wall  would  be  in  a  position  of  bare  stability,  being  in 
exact  equilibrium  with  the  overturning  pressures :  so  that  some  margin 
must  be  allowed  to  the  wall  for  stability.  This  stability  would  be  decreas- 
ed by  any  saturation  of  the  earth  retained  ;  but  increased  by  precautions 
for  thorough  drainage  at  the  back,  by  filling  in  with  chips  and  shivers  of 
the  stone  used  in  building,  by  the  arrangement  of  tlie  earth  in  punned 
layers,  by  tho  friction  of  earth,  &c.,  against  the  roughened  or  *  stepped' 
back  of  the  wall,  and  by  the  tenacity  of  the  mortar  joining  the  wall  to  its 
foundation  courses.  It  must  also  be  borne  in  mind  that  for  actual  mate- 
rials of  construction,  it  is  of  course  necessary  that  tho  line  of  resultant 
pressures  should  not  be  so  near  the  nearest  edge  of  the  joint  as  to  produce 
a  pressure  at  that  edge  sufficiently  intense  to  injure  the  material. 

The  following  *  practical  *  additions  may  be  made  to  the  breadth  as 
above  calculated :  — 

-jIq-  b  for  well  drained  banks  with  horizontal  surfaces. 
^  b  for  well  drained  banks  with  sloping  surfaces. 
^  b  for  walls  where  the  materials  is  considered  treacherous,  or  for 
dams  over  rivers,  where  floods  have  considerable  velocity. 

434.  But  in  lieu  of  giving  any  fractional  increase  to  the  breadth  of 
the  base  of  a  retaining  wall.  Professor  Rankine  advocates  the  following 
principle ;  **  the  line  of  resistance  must  not  deviaite  from  the  centre  of  figure 
of  any  joint  by  more  than  a  certain  fraction  (^)  of  the  diiinieter  of  the  joint 
measured  in  the  direction  of  the  deviation."  He  adds,  that  an  examination 
of  practical  examples  determines  values  for  the  fractional  deviation  of  the 
line  of  resistance  from  the  centre  of  the  base,  which  give  ^6  =  |  6  to  |  5. 

These  principles  are  examplified  in  Fifjs,  3  and  4.      In  the   former 


Fig.  3. 


Fig,  4. 
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figure  (R)  the  resultant  of  the  moments  of 
the  pressure  (P)  and  of  the  weight  of  wall  (V) 
passes  through  the  extreme  edge  of  the  base  of 
the  wall ;  while  in  Fig.  4  its  deviation  from  the 
centre  of  the  base  c  is  limited  to  the  distances 
CD  =  qb.  In  obtaining  equations  for  the 
breadth  of  walls,  in  which  the  deviation  is  thus 
limited,  we  must  equate  the  ni(»mcnts  of  stabi- 


lities and  pressures  round  the  extreme  limit  of  de?iatiou  at  D. 
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435.  There  is  another  consideration  which  should  influence  the 
dimensions  of  walls,  viz. — that  they  should  not  slip  forward  on  tbeir  bases 
from  the  horizontal  pressure ;  it  is  easily  shown  that  this  will  not  occar 
so  long  as  the  resultant  (R)  makes  an  angle  with  the  horizon  greater  than 
the  angle  of  repose,  which  for  green  masonry  is  considered  to  be  36^^. 
It  is  seldom  necessary  to  investigate  whether  this  condition  is  fulfilled  or 
not ;  for  even  in  walls  of  the  smallest  sectional  area,  the  resultant  makes 
an  angle  of  over  40^  with  the  horizon ;  and  the  angle  increases  with  the 
decreasing  values  of  q.  Further,  the  cohesion  of  the  mortar  is  a  very  con- 
siderable element  in  this,  as  it  is  called,  frictional  stability  of  a  wall,  and 
it  is  neglected  in  the  investigations  connected  with  friction. 

436.  Instead  of  the  earth  being  dry  and  hard,  though  not  hard 
enough  to  be  self-supporting,  it  may  be  supposed  to  be  semi-fluid,  that 
is,  that  all  its  particles  may  be  separately  set  in  motion  :  the  pressure  of  a 
fluid  such  as  water  (specific  gravity  x:  s)  is  as  -^  applied  at  D  with  a 

leverage  -zz  —  :  that  of  earth  will  be  modified  in  various  degrees  by  co- 
hesion in  different  soils,  and  thus  it  becomes  a  question  to  be  determined 
by  experiment,  and  is  shown  by  the  angle  assumed  by  the  soil,  when  left 
by  itself  and  by  the  height  at  which  a  section  of  it  will  for  a  time  stand, 
when  cut  perpendicularly.  Weisbach  states  that,  according  to  circums- 
tances a  vertical  face  of  from  3  to  12  feet  sustains  itself  in  various  soils, 
but  this  is  only  temporary :  whilst  in  fine  sand  or  newly  turned  earth,  no 
appreciable  height  is  thus  sustained. 

The  following  are  the  natural  slopes  or  angles  of  repose  of  various 
soils  : — 


Fine  dry  sand,  - 

SS*   80' 

Common  earth,  dry    - 

46*»  80* 

Gravel,     -        -        - 

89<» 

Ditto,  damp,        -       -        - 

64* 

Loose  shingle,  dry,   - 

39° 

Ditte,  the  most  compact,     - 

55» 

The  following  table  shows  the  base  to  be  given  to  triangular  retaining 
walls  of  specific  gravity  equal  to  that  of  the  earth  sustained  (supposed  to 
be  twice  that  of  water)  in  terms  of  the  height ;  the  substance  supported 
being  supposed  to  be  level  with  the  top  of  the  wall. 

Length  of  bam  in  termt 
Nature  of  substance  supported.  of  height  of  wal  I  :  1 35  lbs. 

per  cubic  foot. 

1.  Vegetable  earth,  carefully  laid  coarse  by  course,    -        -    '185 

2.  Clay,  well  rammed,       -        -        -        -        -        -        -'195 

8.  Earth,  mixed  with  large  gravel,    -        ...        -    '250 

4.  Sand, -----    .250 

6.  Sand,  or  mad  in  a  fluid  state,       -----    700 

6.  Water, -dOO 
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437.  Best  Form  of  Retaining  Wall.— It  is  evident  that  the  pres- 
sure being  greatest  at  the  bottom  of  the  wall,  whilst  at  the  top  it  is  nothing, 
a  gradual  diminution  of  the  thickness  of  a  revetment  towards  the  top  is 
thereby  indicated ;  against  overturning  by  the  action  of  a  prism  of  earth 
at  its  back,  this  diminution  wouhl  be  in  dir^ect  proportion  to  the  height, 
and  the  form  would  be  a  triangle.  Against  the  pressure  of  a  fluid  tending 
to  thrust  the  wall  forward  by  destroying  the  cohesion  of  its  joints,  the 
diminution  would  be  as  the  square  of  the  height,  which  would  give  a  con- 
cave batter  in  the  form  of  a  parabola  for  the  outer  surface  of  the  wall. 
In  practice,  however,  this  is  an  expensive  form,  from  the  extra  labor 
required  in  forming  the  curve ;  and  as  for  masonry  intended  for  perma- 
nent exposure  to  destructive  influences,  the  top  of  the  wall  cannot  be 
brought  to  an  edge,  but  must  have  a  certain  thickness,  a  frustumi  of  a 
prism  becomes  the  best  practical  form. 

The  following  general  rule  is  often  adopted  for  practical  purposes ;  let 
the  width  of  the  wall  at  the  base  be  as  in  the  table  above  given,  according 
to  the  nature  of  the  substance  to  be  supported  :  the  thickness  at  top  about 
1-lOth  of  the  height  of  the  wall,  up  to  30  feet;  the  minimum  thickness 
under  any  circumstances  being  1^  feet;  the  maximum  8  feet;  which 
need  never  be  exceeded  whilst  the  surface  supported  is  level  with  the  top 
of  the  wall. 

The  front  batter  may  be  made  to  suit  the  circumstances  of  the  case  in 
regard  to  convenience,  appearance,  &c.,  but  may  generally  with  advantage 
be  made  equal  to  half  the  difference  in  thickness  between  the  bottom  and 
top  of  the  wall ;  the  front  face  should  be  smooth,  the  rear  face  set  off  in 
steps  at  equal  distances  in  the  back,  which  should  be  left  as  rough  as  the 
nature  of  the  materials  will  admit  of. 

In  a  large  structure,  however,  these  empirical  rules  might  add  to  its  mass 
and  expense  with  an  actual  diminution  of  strength  :  so  that  it  will  be  ne- 
cessary to  calculate  the  correct  form  according  to  Delocre's  or  Rankine's 
methods,  referred  to  in  paras  448  and  449. 

438.  Another  point  to  be  considered  is,  if  in  addition  to  the  weight 
of  the  ground  behind  the  revetment,  this  ground  is  loaded  by  earth,  build- 
ings, &C.J  resting  on  it ;  if  this  weight  is  not  thrown  back  beyond  the  line 
of  rupture,  allowance  must  be  made  for  it  by  calculating  the  dimensions 
of  a  triangular  revetment  as  for  a  height  of  earth  equivalent  to  that  weight, 
and  then  cutting  it  down  to  the  height  to  which  the  wall  is  to  be  built,  so 
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that  it  shall  form  a  frnstam  of  a  prism,  whose  thickness  at  top  iiAVsi 
a  due  proportion  to  the  thrust  on  the  revetment  on  that  line ;  of  couk 
this  thrust  will  he  modified  by  the  breadth  of  the  berm,  or  diiUMiti 
which  the  extra  weight  is  thrown  back.     . 

439.    Depth  of  Fbundatums.—The  friction  between  the  wall  tad  tti 
ground  will  always  be  much  less  than  Fig,  5. 

the  cohesion  of  the  joints  of  masonry, 
for  whilst  the  co-efficient  of  friction 
for  stones  and  bricks  in  contact  with 
each  other,  is  from  -66  to  '76,  irres- 
pective of  the  cohesion  of  the  mortar 
it  may  in  wet  clayey  soils  between 
mai<onry  and  slippery  eartli  be  as  low 
as  3.     It  is,  therefore,  requiKite  that 
the  foundation  should  be  of  such  depth 
that  the  passive  resistance  of  the  earth  in  front  of  it,  (marked  x  in  fif.  8,) 
comhinedjwith  the  friction  at  the  bottom,  may  counterbalance  the  idin 
pressure  of  the  earth  on  the  back  of  the  wall;  and  Uie  greatest  oil 
is  requisite  to  give  revetment  walls  secure  foundations,  ao  as  to  pRVflft 
their  either  sinking  or  sliding  forward ;  as  if  the  earth  supported  bf  i 

revetment  is  once  set  in  motion,  the  destruction  of  the  revetment  ii  al- 
most certain. 

The  friction  at  the  base  and  that  in  every  course  of  the  masonrjof  i 
revetment  will  be  very  much  increased  hy  making  these  courses  perpenfi- 
cular  to  the  outer  face  of  the  wall ;  which  is  not  difficult  in  prnctice,  witk 
the  ordinary  batter  given  to  retaining  walls,  and  indeed  saves  the  liborrf 
cutting  the  bricks  to  a  splay  corresponding  with  the  angle  of  the  fict- 
line. 

This  batter  should  be  carried  down  into  the  foundation,  which  will  bet 
great  help  in  preventing  the  revetment  from  being  thrust  forwards.  la 
marshy  or  other  compressible  soil  a  footing  of  concrete  shouM  be  pro- 
vided, and  in  some  cases  a  row  of  piling  with  a  plank  fender  along  thf 
front  or  toe  of  the  revetment,  may  be  found  useful  to  prevent  the  fonmla 
tion  from  slipping  forwards,  although  whenever  the  object  to  be  gained  k 
piling  can  be  attained  by  more  durable  materials  at  any  reasonable  cor 
it  should  be  done.  The  previous  figure  shows  the  best  form  of  revetmen 
answering  to  No.  3  in  the  Table — with  foundation,  coonterfozt  piUsgi  A 
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440.  The  backing  up  should  follow  the  building  of  the  reyetmenti 
so  as  to  save  scaffolding  on  one  side,  and  being  gradually  executed,  the 
earth,  of  which  it  consists,  being  trodden  down  by  the  workmen  engHged 
iu  the  building  of  the  revetment,  will  be  less  liable  to  be  unequal  in  con- 
sistence, an  inequality  which  is  often  the  cause  of  subsequent  movement 
in  the  mass,  and  thus  of  a  force  which  the  revetment  is  not  calculated  to 
resist ;  by  keeping  the  earthwork  about  4  feet  below  the  top  of  the  revet- 
ment as  it  advances,  it  will  not  press  upon  the  masonry  whilst  the  mortar 
is  so  little  set  as  to  allow  of  sliding  in  the  courses. 

When  the  material  at  the  back  of  the  wall  is  clean  sand  or  gravel,  so 
that  water  can  pass  through  it  readily,  and  escape  by  "  weeping-holes," 
it  is  only  necessary  to  ram  it  in  layers.  But  if  the  material  is  retentive 
of  water,  like  clay,  a  vertical  layer  of  stones  or  coarse  gravel,  at  least 
a  foot  thick,  or  a  dry  stone  rubble  wall,  must  be  placed  at  the  back  of  the 
retaining  wall,  between  the  earth  and  the  masonry,  to  act  as  a  drain. 

441.  Precautions  against  water, — Water  may  almost  always  be  pre- 
vented from  getting  to  the  back  of  a  revetment;  in  situations  where  the 
liability  is  great,  small  drains  called  weepers^  should  be  made  through  the 
revetment  taking  care  to  fill  in  behind  them  with  pebbles  or  such  other 
materials  as  will  allow  the  water  to  pass  through  without  bringing  earth 
with  it.  The  weeping  holes  or  weepers,  are  nsiislly  two  or  three  inches  broad, 
and  of  the  depth  of  a  course  of  masonry,  and  are  distributed  at  regular 
distances ;  an  ordinary  proportion  being  one  weeping  hole  to  every  four 
square  yards  of  face  of  wall. 

Along  the  base  and  in  front  of  a  retaining  wall  there  should  run  a  drain, 
like  that  at  the  foot  of  the  slope  of  a  cutting.  A  catch -water  drain  also 
behind  a  retaining  wall  is  often  useful.  It  may  either  have  an  inde- 
pendent outfall,  or  may  discharge  its  water  through  pipes  into  the  drain 
in  front  of  the  base  of  the  wall.     (  Vide  para.  226,  ante). 

442.  There  are  cases  in  which  revetment  walls,  however  massive,  will 
give  way,  such  as  when  a  stratum  of  earth  with  an  inclination  towards  the 
revetment  is  by  some  change  of  its  relations  with  the  strata  below  it,  set 
in  motion ;  in  which  case  instead  of  attempting  to  resist  this  motion  by 
any  mass  of  retaining  wall,  the  causes  inducing  it  should  be  carefully 
ascertained,  and  if  possible  removed. 

Draining  sand  previously  saturated  with  water,  or  water  finding  its  way 
into  sand  which  has  previously  been  dry,  will  often  occasion  slips ;  clays 
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of  different  composition  lying  on  each  other  sometimes  slip,  from nki  _ 
penetrating  between  the  strata;  chemical  changes  sometimes  take  pin 
from  the  exposure  of  certain  soils  to  the  air,  caasing  motion,  and  ota 
occasioning  slips ;  some  very  serious  ones  have  been  attributed  to  tti 
cause  in  the  London  and  Croydon  Railway;  now  retaining  waBieoMk 
be  built  to  withstand  thrusts  of  this  nature,  but  they  must  be  tDofidlo 
expend  themselves,  or  a  state  of  rest  in  the  strata  mutt  bo  reitondil 
some  other  way. 

When  the  material  at  the  back  of  the  wall  is  of  a  loamy  dtiaip* 
tion,  and  liable  to  be  reduced  to  quicksand  or  mud  by  saturation  lilk 
water,  and  there  are  no  means  of  preventing  such  saturation  by  effidoft 
drainage,  one  way  of  making  provision  to  resist  the  additional  pRum 
which  may  arise  from  such  saturation,  is  to  calculate  the  required  tlnek- 
ness  of  wall,  as  if  the  earth  were  a  fluid,  making  0  =  0  in  the  io^ 
multe. 

Another  way  of  providing  against  such  a  contingeney  is  to  oonttraBk^ 
sloping  against  the  back  of  the  wall,  a  bank  of  shivers  of  stone  or  Gomi 
gravel,  whose  angle  of  repose  is  not  affected  by  the  presence  of  water,  ai 
then  to  fill  in  the  softer  material.  The  pressure  against  the  wall  in  tkb 
case  will  not  at  any  time  greatly  exceed  that  of  a  bank  of  the  fiim  mall> 
rial  employed,  sloping  at  its  own  angle  of  repose. 

Another  mode  of  relieving  retaining  walls  from  pressure  is  by  the  nd 
arches,  as  described  in  para.  445. 

443.  CouiiterfortB.--RetaiDing  walls  are  often  built  with  coun- 
terforts, or  buttresses,  at  short  distances  apart,  which  allow  of  the  average 
section  of  the  wall  being  made  less  than  would  otherwise  be  the  case,  by 
enlarging  the  base  of  the  structure  in  a  greater  proportion  than  its  mass; 
care  must  b«  taken  thoroughly  to  unite  the  brickwork  or  masonry  of 
the  revetment  with  that  of  the  counterforts,  or  the  former  may  be  forced 
forward  leaving  the  counterforts  behind. 

Counterforts  well  united  with  a  retaining  wall  are  of  the  same  advantige 
to  it  as  cross  walls  in  the  superstructure  of  houses.  Buttresses  in  front 
of  a  wall  are  more  advantageously  situated  to  prevent  overturn  than  coun- 
terforts, but  are  of  course  inapplicable  where  a  btraight- faced  wall  'u 
required.  Counterforts  too  have  the  advantage  of  bieaking  up  or  dividioz 
the  presj>ure  of  the  earth  behind  a  revetment,  and  especially  when  this  ii 
caused  by  the  filtration  of  water. 
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M  liie  of  ctmBterforto  will  depend  on  the  height  of  the  nTetment ; 

iboot  one-Hghth  of  the  calculated  mass  of  mBsoniy  or  brickwork 

f  puenilj  with  ulrantage  be  thrown  into  tbia  fonn ;  the  distance  of 

'•DUteifort*  from  each  other  ma;  range  between  the  limits  of  20  feet 

'i%h,  to  10  for  \<rw,  walls;  they  need  not  reach  to  the  top  of  th« 

ntaoait,  l^  iaaVla  the  thickness  of  tlie  reTetment  at  top,  that  portion 

bg  aliwdj  stronger  than  is  reqnisite  for  stability ;  their  length  at  top 

NT  bo  oqnal  to  the  top  tbickness  of  the 

iwlaait,  and  thnr  breadth  one  fifth  of 

ktit  (Hitance  apart.     And  from  thene  di 

Bf  ■**■*■  tlie  length  of  the  counterfort  at 

jottom  may  be  fonnd.     Thin  connterforts 

■t  fivqaent  intervals  will  be  more  efEicaci 

voa  in  brealcing  op  the  pressore  to  be  bus 

"tnod  than  tUcker  connterforts  at  longer 

iaterralB. 

Thna  in  a  revetment  30  feet  high  8  feet 
thick  at  top,  6  feet  thick  at  bottom  wtth 
Mimtnforta  20  feet  apart,  the  length  of 
IbflM  connterforts  at  bottom  will  be  fonnd  '"'^ 

Miilj,  their  breadth  being  4  feet ,  for  one 
oighUi  of  mass  of  revetment  eqnals  that  of  connterfort,  so  that  making 


tho  length  between  the  connterforts  20  feet,  we  have,— 


-  (SO  -  6) 


X  4  =>i 


X  SO  X  24   + 


'■  +  8 


(SO  -  6)  X  4  [ ,  which 


girea  x  =  6-64  feet. 

444.  Hollow  revetments. — In  cases  where  the  mass  of  brickwork 
required  is  snfficient  to  enable  it  to  be  divided  into  walls  of  not  less  than 
S  feet  in  thickness,  revetiueotB  may  with  advantage  be  bnilt  bollow,  that 
is  consisting  of  a  front  and  rear  wall,  with  partition  walls  taking  the  place 
of  connterforts  at  intervals :  in  cases  where  an  average  thickness  of  more 
than  4  feet  throughout  is  required,  the  front  wall  maj  be  made  thicker 
than  the  others  with  a  batter  as  in  ordinary  revetment  walls. 

446.  Believing  Arches  are  those  turned  on  the  connterforts,  as 
pien,  to  carry  the  enperincumbont  filling,  the  counterforts,  being  of  such 
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length  that  the  earth  euicelj  comee  into  conUct  with  the  back  of  the 
ffftll. 
Xbe  wall  is  thai  a  mere  ehell  blocking  np  the  faces  of  the  archwa/i. 
The  arohee  may  be  in  one  or  more  tiers,  and  their  length  ihoold  be  ao 
great  that  the  line  of  natotal 
slope  of  the  earth,  touching 
their  intrsdoe  at  the  crown, 
sbonld  not  cut  the  line  of  the 
back   of  the  wall  above  the 
crown  of  the  extrados  of  the 
next  tier  {vide  Fig.  7). 

To  compute  the  length,  I, 
of  a  relieving  arch  and  coun- 
terfort on   which  it  stands; 
being  given— the  clear  height, 
A,  of  the  crown. 
Let  (2  =  the  depth  of  the  crown  of  the  arch  below  the  Bturfaoe. 

S  —  the  angle  of  repoae  of  the  earth. 
We  have,*  apptoximatelj— 


'  =  -""»  (*+(T+^) 


A  =-  /  Un  0  - 


CM 


i^ 


446.  Breast  Walls. — These  are  used  rather  to  defend  the  Gnrface 
of  a  cutting  from  tbe  weatlier,  and  thus  keep  it  front  falling  by  disintegra- 
tion, than  to  support  any  part  of  Ibe  masa  behind  it.  Most  soils  will  stand 
at  a  much  stifler  slope,  when  first  cut,  than  afterwards :  in  these  cases  a 
mete  facing  of  masonry  will  often  be  sufficient,  taking  care  to  build  it  as 
soon  as  possible  after  the  cutting  lias  been  made,  before  the  surface  has 
snfTered  from  exposure,  and  not  to  leave  the  slightest  iutetstice  behind  the 
wall ;  such  interstices,  if  they  exist,  should  be  filled  in  with  small  gravel 
carefully  rammed,  or  with  clay  puddle. 

Sloping  revetments  of  even  thickness  not  exceeding  2  to  I^  feet  maj 
often  be  nsed  with  advantage  in  such  cases ;  and  wlicn  the  slope  is  very 
great,  and  approaching  the  permanent  angle   of  repose,  planting  grass, 
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wdinj,  or  coyeriog  tie  alope  with  rongh  flat  stones,  will  preTent  disinte- 
n  of  the  BnFface. 

Fig.  9. 


flatting  through  etrota  wliich  dip  considerably,  it  will  often  be  reqai- 

ta  hare  a  strong  reTctment  on  oue  side,  whilst  a  thin  facing  will  be 

it  on  the  other,  aa  shown  in  the  above  figure. 

-   Ab  the  permanency  of  breast  walls  is  entirely  dependent  on  motion  not 

I  *«king  place  in  the  mass  behind  them,  special  care  must  be  taken  to  pre- 

><Dt  the  access  of  water  to  the  back  of  such  walls. 

447,  Masonry  Dame. — In  the  case  of  high  masonry  dams  for  re- 
tuning  water,  the  conditions  differ  somewhat  from  those  of  earth  retaining 
nils  as  abore  described.  The  dam  is  liable  to  be  destroyed  in  three 
imya;  it  may  be  overturned  by  the  thrnst  of  the  water;  it  may  slide  on 
its  base  or  its  joints :  or  it  may  crush  in  rertically  from  its  onn  enoruoiu 
fwaight. 

There  is  no  case,  however,  on  record  of  any  dam  having  been  oret- 
tnraed,  or  having  been  destroyed  from  having  slidden  horizontally  ;  ereiy 
dam  that  has  been  destroyed  hitherto,  has  crushed  in  from  its  own  weight. 
It  follows,  therefore,  that  to  add  more  material  than  is  necessary,  is  not 
to  strengthen,  bnt  to  weaken  the  work.  As  mortar  may  be  assumed  to 
bv  tli«  w««J[«st  msieriaJ  in  tbe  structure;  the  cakulations  must  he  based 
fln  tlie  strength  or  weakness  of  the  mortar,  and  the  pressure  on  no  hori- 
■ontal  layer  of  Hie  dam  should  exceed  the  safe  amount  of  compression 
to  irbich  the  mortar  may  he  subjected.  Assuming  then  a  practical  width 
Cot  ibi  top  of  the  dam,  and  proceeding  downwards,  immediately  that 
lajer  is  reached  where  the  pressure  approaches  the  safe  amount  (say  80  lbs 
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on  the  sqoare  inch)  the  width  of  the  layer  most  be  increased,  so  that  no 
portion  of  the  masonry  shall  be  called  npon  to  resist  more  than  thi 
allotted  amount  of  compression.  Such  a  dam,  moreover,  is  subject  to  two 
different  sets  of  conditions:  viz.,  (1)  when  the  reseryoir  is  empty,  lad 
the  pressures  on  the  inner  face  become  most  intense:  and  (2)  when  it 
is  full  and  from  the  thrust  of  the  impounded  water  the  pressures  on  thi 
outward  face  are  most  intense. 

448.  Furens*  Dam, — The  French  Engineer,  M.  Delocre,  desigMi 
masonry  dams  164  feet  in  height,  on  these  considerationSy  and  the  foim 
adopted  are  shown  in  Plate  LXII. 

His  process  is  briefly  this  : — He  divides  his  wall  into  three  partip 
see  Fig.  10. 

l^^ — A  vertical  rectangular  portion  CDBA  of  a  breadth  equal  tlut 

Fig.  10.  selected  for  the  top  of  wall;  in  this  portioi 

^^^t  D  the  maximum  unit  pressure  will  at  all  poinfti, 

^  except  the  lower  portion  at  A ,  be  less  than  thi 

\  limiting  pressure/'. 

— --^1  2nd. — A  yertical  backed  trapeioidal  p«- 

„'/. \  ^.  tion  BAMN,  in  which  the  pressure  at  Naal 

/  Ny        M  shall  not  exceed  /'  when  tiie  reserroir  ii 

either  full  or  empty. 
Zrd. — A  part  MNST,  which  has  inclinations  on  both  face  and  back,  si 
in  which  the  limit  pressure  is  not  exceeded  at  the  points  M'  N'  or  STii 
a  series  of  horizontal  sections  taken  in  the  profile. 

449,  Rankine's  Dam. — Plate  LXIII.  illustrates  the  form  of  maionif 
dam  recommended  by  Professor  Rankine  on  the  same  general  idess  if 
advocated  by  the  French  Engineers,  but  modified  to  satisfy  the  pn&d|ili 
that  "  the  lines  of  resistance  when  the  reservoir  is  empty  and  full  resjw^ 
tively,  should  both  be  within,  or  but  a  small  distance  beyond,  the  middk 
third  of  the  thickness  of  the  wall." 

In  the  profile  shown  in  the  Plate,  logarithmic  curves  have  been  adopted 
for  both  outer  and  inner  faces.  The  common  subtangent  to  both  corm 
(marked  AD  in  the  drawing)  is  80  feet. 

The  thickness  CD  at  120  feet  below  the  top  is  84  feet ;  and  of  thisoae- 
fourteenth,  AC  =  6  feet,  lies  inside  the  vertical  axis  OX,  and  thirtco- 
fourteenths,  AB,  78  feet,  outside  that  axis.  The  formula  for  the  thick- 
ness t  at  any  depth  x  below  the  top,  is  as  follows : — 


■e«I  I^ft  iia  ite^)  fir  m  i-kert  Dam,   Thecrttleal  Typt  (it  rttpi)  ftr  a  long  Dam. 
86  Iht,  en.  Ii«  Square  IncA. 


I 

'\ 

i 

\      - 

s 

.     J, 

3r* 

\ 

Jiturrtnr  pf  Fktf 


:P 


\    I 

r 


J 

\ 

■J 


r       ■ 


BBTAIHINO  WAELi.  ^SJ 


»-*. 


t  =  t,e—'- (1). 

Or,  in  common  logarithms^ 

log/  =  log  t,  +  0-4348 ^'- (lA), 

in  which  a  denotes  the  suhtangent  (80  feet),  and  f,  the  giren  thickness 
(84  feet)  at  the  given  depth  (120  feet)  helow  the  top.  The  thickness  at 
the  top  is  18-74  feet. 

The  range  of  different  depths  to  which  the  same  profile  is  applicahle 
without  any  waste  of  material  extends  from  the  greatest  depth  shown  on 
the  drawing,  180  feet,  np  to  110  feet,  or  thereabouts.  For  depths  be- 
tween 110  feet  and  80  or  90  feet,  or  thereabouts,  the  waste  of  material  is 
unimportant.  For  depths  to  any  considerable  extent  less  than  90  feet,  the 
use  of  a  part  of  the  same  profile  gives  a  surplus  of  stability.  For  example, 
if  the  depth  be  50  feet,  the  quantity  of  material  is  greater  than  that  which 
is  necessary  in  the  ratio  of  1*4  to  1,  nearly.  For  the  shallow  parts,  how- 
ever, at  the  ends  of  a  dam  that  is  deep  in  the  centre,  it  is  preferable 
to  use  the  same  profile  as  in  deep  parts,  notwithstanding  this  expenditure 
of  material,  in  order  that  the  full  advantage  of  the  abutment  against  the 
sides  of  the  ravine  may  be  obtained.  In  the  case  of  a  dam  that  is  less  deep 
in  the  centre  than  110  feet,  the  following  rule  may  be  employed.  Oon- 
struct  a  profile  similar  to  that  suited  to  a  depth  of  110  feet,  with  all  the 
thicknesses  and  ordinates  diminished  in  the  same  proportion  with  the  depth. 
The  intensity  of  the  vertical  pressure  at  each  point  will  be  diminished  in 
the  same  proportion  also ;  but  this  does  not  imply  waste  of  material ;  the 
whole  weight  of  the  material  being  required  in  order  that  there  may  be 
no  appreciable  tension  in  any  part  of  the  wall. 

450.  In  order  that  the  pressure  may  be  equally  distributed  through 
the  work,  the  dam  should  be  one  homogeneous  mass,  built  in  every  part  of 
the  same  kind  of  material.  No.  interior  or  exterior  facing  of  ashlar, 
which  may  have  a  tendency  to  separate  from  the  rest  of  the  work,  and  no 
partial  use  of  cement  or  concrete  must  be  permitted.  In  order  to  increase 
the  resistance  to  sliding,  horizontal  courses  must  be  rigorously  avoided, 
(the  bed-joints  of  such  courses  tending  also  to  become  channels  for  the 
leakage  of  water).  The  dam  must  simply  be  a  mass  of  uncoursed  rubble 
laid  in  hydraulic  mortar,  without  any  hollows,  every  portion  resembling 
the  rest  of  the  work  as  closely  as  possible. 

The  very  fact,  however,  of  the  irregular  structure  of  '  uncoursed  rubble ' 
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niABonry  render  necessary  unusnal  care  and  vigilance  in  snperintending 
its  erection,  in  order  to  insure  that  every  stone  shall  be  thoroughly  and 
firmly  imbedded,  and  that  there  shall  be  no  empty  hollows  in  the  interior 
of  the  wall,  nor  spaces  filled  with  mortar  alone  where  stones  ought  to  be 
placed.  In  such  work  the  practice  of  ''  grouting  *'  or  filling  hollows  by 
pouring  in  liquid  mortar  should  be  strictly  prohibited. 

Should  it  be  decided  to  insert  in  the  face  of  the  wall  headers  or  long 
bond  stones,  these  stones  should  be  laid  with  their  lengths  not  horizontaly 
but  normal  to  the  face  of  the  walL 

The  foundation  should  be  sound  rock  if  practicable ;  it  may  be  doubted 
if  any  earthen  foundation  is  thoroughly  to  be  relied  on  where  the  depth 
of  water  exceeds  100  or  120  feet. 


SECTION  V.-STRENGTH  OF  MATERIALS. 


;  was  intended  that  the  whole  of  the  Chapters  on  "  Applied  Mechanics," 
md  in  difEerent  parts  of  the  original  Treatise,  shoold  have  been  collected  toge* 
adapted  to  a  nniform  system  and  notation,  and  re-written,  where  necessary,  to 
ftiMm  np  to  the  state  of  Modem  Science,  to  form  together  a  College  Mannal  of 
ied  Mechanics.  Bnt  the  call  for  a  new  Edition  of  the  Treatise  has  been  for 
time  so  nrgent  that  this  plan  coold  not  be  carried  ont  in  this  edition  :  snch 
>len  only  as  were  ready  for  the  new  Mannal  have  been  inserted :  the  following 
iton  hare  been  entirely  re-written*  on  a  nniform  plan. 
XXI.  Preliminary. 
XXTT,    Tension. 

AXlll,    Compression. 

ZXIV.    Elasticity. 

ZXy.    Stfessei  in  Tmsses. 
is  sBplanation  is  necessary  to  explain  the  evident  difference  of  scope  of  these 
the  ramaining  Chapters,  and  the  at  present  nnavoidable  absence  of  many  refer- 
to  articles  not  printed  with  this  edition, 
ia  will  be  remedied  in  the  next  edition. 


ha  following  is  a  list  of  the  aathorities  which  hare  been  consnlted  in 

«ntion  of  the  new  Chapters.    All  results  given  have  been  in  every 

compared  with  the  originals  here  quoted : — 

dor,       ...         ...     La  Science  des  Ing^nieurs,        ...         ...  1813 

r  Essay  on  Strength  and  Stress  of  Timber,  1826 

low,  P.,             ...  ^  Strength  of  Timber,  &c.,           1845 

{ Strength  of  Materials,    ...          1867 

9well,  W.,          ...     Mechanics  of  Engineering,        ...         ...  1841 

delet,     L'Art  de  fiatir, 1842 

Igold,  T.,           ...     Strength  of  Cast-iron,  <&c.,        1842 

in.  A.,   ...         ...     Resistance  des  Mat^riaux. 

ffkinson   E  /  Experimental  Researches  on  the  Strength, 

^           '     ''           \     &c.,  of  Cast-iron,        1846 

I       TT  /  Mechanical  Principles  of  Engineering  and 

eiey,  n.,            ... -^      Architecture, 1843 

*  Bj  Capt.  Allan  duminghiun,  B.E.,  Hony.  Follow  of  King's  College,  London. 
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r  Manual  of  Applied  Mechanics, 1864 

Bankine,  W.  J.  M.,...<  Manual  of  Ci?il  Engineering, 1870 

t  Useful  Rules  and  Tables,  1870 

{Application  of  Cast  and  Wrought- iron  to 
Building  purposes,     1864 
Useful  Infbnnation  for  Engineers,        •••     1864 

Medley,  J.  G.,  Major,  )  f  1864 

B.E.,        (  Professional  Papers  on  Indian  Engineer- J    ?^ 

Lang,  A.  M.,  Major,  |      ing.    First  and  Second  Series,  •  •  1  « ^.^ 

xl*lS«,         •••  ••• )  ^ 

mmwn^  Sir  W.,  ...  |  j^^^^j  Philosophy,      1868 

Medley,  J.  O.,  Major,     Boorkee  Treatise  on  Civil  Engineering 

B.E.,  in  India,         ...         ...         ...         ...     1869 

Stoney,  B.,  •••     Theory  of  Strains,  1869 

r  Wronght-iron  Bridges  and  Roofs,         ...     1869 
Unwin,  W.  C,        ...<  On  the  Construction  of  Wroaght-iron 

t     Bridges,  (Chatham  Lectures,)  •••      1871 


OHAPTEB      XXI. 

PRELIMINARY. 

Careful  attention  Ihould  be  paid  to  the  following  definitions  :-— 

461.  Load. — The  external  forces  applied  to  any  Structure  in  Engi- 
neering are  styled  ''  Loads  ;**  among  these  may  be  classed  the  weight  of  the 
Structure  itself,  and  also  the  Re-actions  of  the  Supports. 

The  combination  of  all  the  external  forces  applied  to  a  whole  Structure, 
or  to  any  single  piece  of  a  Structure  is  called  the  "  Load  "  on  the  Stmo- 
ture  or  on  the  Piece  respectively :  this  incliuies  the  weight  of  the  Structure 
or  Piece,  and  the  Re-actions  at  the  supports. 

Dead  Load  and  Live  Load. — The  steady  part  of  the  Load  is  called  "  Dead 
Load "  (this  evidently  includes  the  weight  of  the  Structure  itself) :  the 
rapidly  moving  part  of  the  Load  («.  y.,  the  weight  of  a  train  in  rapid  mo- 
tion), or  a  suddenly  applied  Load  (such  as  a  shock  or  impact)  is  called  the 
«  Live  Load." 

This  distinction  is  important  in  practice,  as  it  will  be  shown  in  Art.  476, 
that  the  straining  effect  of  a  Live  Load  is  more  violent  than  that  of  a 
Dead  Load,  so  that  the  Dead  and  Live  Load  have  usually  to  be  separately 
considered  in  Design. 
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452.  Strain. — The  first  observed  effect  of  the  Load  applied  to  a 
Stractnre  or  Piece  is  the  prodaction  of  some  change  in  the  original  Size  or 
Shape  of  the  parts  of  the  Structare  or  of  the  Piece,  e.  g,j  elongation,  con- 
traction, distortion,  &c. 

This  change  of  eUe  or  shape  of  whatever  kind  is  termed  "  Strain " : 
hence  Strain  is  evidently  a  quantity  that  can  be  seen  and  measured. 
Load  applied  in  different  ways  produces  different  kinds  of  change  of  size 
and  shape,  t.  e..  Strain  of  different  kinds. 

The  whole  Strains  produced  by  a  given  Load  are  not  produced  quite 
suddenly,  but  time  is  required  to  allow  the  whole  stmniug  effect  to  take 
place. 

N,B, — Many  authors  nse  the  term  ''  Strain  "  both  in  the  sense  nsed  here,  (and 
which  alone  will  be  nsed  in  this  Manual,)  and  alto  to  signify  what  is  termed  <'  Stress  " 
in  this  Mannal.  The  distinction  here  drawn  between  the  two  is  adopted  now  in  many 
Scientific  Works,  and  will  bo  found  very  conyenient 

463,  ResiBtanoe  and  Strength. — The  support  offered  by  any  Struc- 
ture or  Piece  to  the  Load  applied  is  termed  <*  Resistance.*'  The/?otr«r  of 
resisting  the  fracture  which  Load  tends  to  produce  is  termed  *'  Strength." 
The  '*  Strength "  of  a  Piece  is  measured  by  the  **  Resistance"  it  offers 
to  the  "  Load." 

Thus  Strength  and  Resistance  are  not  synonymous  :  Strength  is  merely 
a  quality  of  materials  which  is  measured  quantitatively  by  Resistance. 

Before  the  straining  action  of  a  Load  is  complete,  there  is  motion^  (^m 
change  of  Strain)  among  the  particles  of  the  material,  so  that  the  Total 
Load  is  evidently  greater  than  the  Total  Resistance  called  into  play  at 
that  instant.  The  determination  of  the  '^  Resistance"  at  any  instant 
before  the  straining  action  is  complete  is  a  very  complex  problem  in 
Dynamics,  but  this  determination  is  never  required  in  ordinary  Engi- 
neering. 

When  the  straining  action  of  the  Load  is  complete^  there  is  no  further 
motion,  so  that  there  is  then  equilibrium  between  the  Load  and  Resistance. 

In  ordinary  Engineering  this  case  only  is  considered,  and  thus 

Measure  of  Strength  =  Resistance  =  Load (1). 

454.  Stress. — This  term  is  applied  to  the  combination  of  forces  on 
either  side  of  any  arbitrary  section  through  a  structure  or  piece. 

Thus  it  partakes  of  the  nature  of  both  ^Load  and  Resistance^  and  may 
be  divided  into  External  Stress  and  Internal  Stress.    External  Stress  on 

VOL.  I. — THIRD    EDITIOK.  3  L 


^ 


442  PRELIMINARY. 

aoy  Piece  of  a  Structure  may  be  defined  as  the  Resultant  of  the  Loads 
applied  directly  to  other  Pieces  of  the  Structure  and  transmitted  through 
them  to  the  Piece  in  question.  Thus  External  Stress  on  any  Piece  ia  the 
'<  Virtual "  Load  on  that  Piece  due  to  load  indirectly  applied. 

Example, — The  resolved  parts  of  the  Loads  parallel  to  the  bars  of  a 
Framed  Structure  are  called  the  Stresses  on  or  along  those  Bars,  These 
are  External  Stresses, 

Internal  Stress  at  any  section  is  the  combination  of  forces  at  either  side 
of  any  section,  those  on  one  side  being  due  to  the  action  of  the  Load 
transferred  through  the  material  of  the  piece  to  that  section,  those  on  the 
other  side  being  due  to  the  Resistances  of  the  material  at  the  Section. 
Hence  referring  to  equation  (1)  since  there  is  equilibrium  when  tiie 
straining  action  is  complete. 

Load  or  External  Stress  =  Resistance  (or  Strength)  =  Stress.... (1  A.) 

456.  Load,  Strain,  Resistance,  Strength,  and  Stress, — It  will 
be  observed  that  Load  produces  as  its  first  effect  Strain,  which  is  opposed 
hjResistance,  and  that  the  combination  of  forces  produced  by  the  Load  on 
either  side  of  any  section  is  termed  Stress  (viz.,  Internal  Stress) :  thus 
Strain,  Resistance,  and  Stress  are  all  produced  by  the  Load. 

Also  Load,  Resistance,  and  Stress  are  of  the  same  kind,  and  measur- 
able in  the  same  units  (generally  in  pounds  or  tons).  Strength  is  merely 
a  quality,  measured  by  Resistance,  but  neyertheless  inherent  in  ma- 
terial. 

Strain  is  a  visible  quantity,  measurable  in  inches,  in  circular  measure,  &c. 

The  following  is  an  illustration  of  the  meaning  of  these  terms :— - 

Example, — A  man  lifts  a  weight  W.  Then  W  is  the  Load  :  the  elonga- 
tion in  any  sinew  of  his  arm  produced  by  the  Load  is  the  Strain  of  that 
Sinew :  the  support  given  to  the  Load  at  any  section  of  the  sinew  is  the 
Rbsistancb  at  that  section :  either  of  the  set  of  forces  on  either  side 
of  the  section  is  the  Strbsb  at  that  section ;  when  motion,  t.  e.,  change  of 
strain,  has  ceased,  these  Stresses  are  equal  and  opposite :  the  sinew  is  in 
a  state  of  strain^  viz.,  elongation  :  the  feeling  of  exertion  or  fatigue  is 
an  evidence  and  a  measure  of  the  Stress. 

456.  Intensity  Classification.— The  five  quantities.  Load, 
Strain,  Resistance,  Strength,  and  Stress  are  simultaneously  classified 
into  four  Classes,  according  to  ilieir  intensities,  viz.  (1),  Breaking  or  Ulti- 
mate; (2),  Proof;  (3),  Working  or  Safe;  (4),  Actual. 
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.iji^  Sre  Y9TJ  smultaneaualtf,  thej  all  five  receive  these  qnallfying 
if'^MMmtes  simQltaneouslj :  their  mutual  relations  are  as  already  defined 
Equation  (1  A)  is  i^plicable. 
(1).    The  Breaking  Weight  or  Load  is  that  '^  Dead  Load  "  which  is 
Boflbsieat  to  produce  fracture.    It  will  be  denoted  by  P  (measured 
fts.).     It  produces  the  Ultimate  Strain,  Ultimate  Resistance  and  Ulti- 
Stress. 
^*    The  Ultimate  Strength  is  measured  by  the  Breaking  Weight, 
S^>     (2).     The  Proof  Load  is  that  **  Dead  Load  "  which  will  prove  or  test  a 
^^Pieoe  (by  straining  it)  to  the  utmost  extent  possible  without  permanent  injury, 
'^^vS  produces  the  Proof  Strain,  Proof  Resistance  and  Proof  Stress;  the  Proof 
\'.'8trtngih  is  measured  by  the  Proof  L/)ad. 

It  has  been  ascertained  (by  experiment)  to  be  a  certain  fraction  (depen- 

jJ6a%  on  the  material)  of  the  Breaking  Weight,  varying  from  i  to  ^. 

J---     (8).     The  Working  or  Safe  Load  is  the  maximum  **  Dead  "  Load  which 

'^  !•  Piece  can  bear  safely  for  a  lenf^th  of  time.     It  will  be  denoted  by  W 

-'^(ineasaied  in  pounds).    It  must  obviously  be  less  than  the  Proof  Load  to 

tr   piOTide  against  defects  in  material  or  workmanship.    It  is  usually  taken  as 

flome  fraction  (ascertained  by  experience)  of  the  Breaking  Weight  or  of 

-flie  Proof  Load,    It  produces  the  Working  or  Safe  Strain,  the  Working 

.or  Safe  Resistance,  and  the  Working  or  Safe  Stress, 

The  Working  or  Safe  Strength  is  measured  by  the  Working  or  Safe 

r  

JLoad. 

The  Working  or  Safe  Load,  Strain,  Bbsistakoe,  Strbkoth,  and 
Stbssb  are  by  far  the  most  important  in  En»^ineering  of  the  four  classes 
in  this  Classification.  It  is  an  invariable  rule  in  Engineering  that  all 
Stmctnres  must  be  designed  to  carry  this  Load  (being  the  maximum  in- 
tended load)  safely  as  a  permanency. 

(4).  The  Actual  Load  is  any  Load  that  may  be  actually  on  a  Struc- 
inre  or  Piece.  It  should  of  course  be,  if  temporary,  less  than  the  Proof 
Ijoad,  and  if  of  any  duration  less  than  the  Working  or  Safe  Load  (being 
that  for  which  the  Strncture  was  designed).  It  is  sometimes  but  not 
ofUn  necessary  in  ordinary  Engineering  to  consider  the  effects  of  this 
Ijoad,  viz.,  Actual  Strain,  Actual  Resistance,  Actual  Stress. 

467.     Factor  of  Safety^ — This  has  been  variously  applied  by  dif- 
,   ferent  writers  to  each  of  the  three  following  ratios,  viz. : — 

Breaking  Weight :  Proof  Load  :  Working  or  Safe  Load. 
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In  this  Treatise  it  will  generally  be  applied  to  the  ratio  of  Breaking 
Weight  to  Working  or  Safe  Load,  and  denoted  by  8. 

Hence  Factor  of  safety  z=  Breaking  Weight  -=-  Working  Load, 

f.  «.,  «  =  P  -T-  W,  and  P  =  a  W,     (2). 

In  conseqnence  of  Live  Load,  t.  e.,  Load  suddenly  applied,  producing  at 
first  in  general  twice  the  effect  (see  Arts.  476  and  477  on  Ilesilience)  of 
Dead  Load,  i.  e.,  Load  gradually  applied,  it  is  usual  to  make  the  Factor  of 
Safety  for  Live  Load  of  all  kinds,  («.  g,,  rapidly  moving  Loads)  twice  that 
for  Dead  Loads,  the  *^  Breaking  Weight*'  being  bt/  definition  determined 
by  experiment  on  Dead  Loads. 

Hence  if  W'  be  the  Dead  Load,  W  the  Live  Load  on  a  Stmcture, 
also  «',  s'  the  Factors  of  Safety  applicable,  then 

P  =  5'  W'  +  fi*'  W^  or  P  =s  fi'  W'  +  2  s'  W (3). 

Factors  of  safety  are  fixed  by  experience,  they  vary  for  different  mate- 
rials, and  for  different  applications  of  Load :  the  values  given  by  different 
authorities  also  vary. 

The  Proof  Load  of  Cast-iron  and  Wrought-Iron  is  generally  given  as 
^  of  Breaking  Load. 

Umber,  Stone,  and  Brick  are  not  generally  exposed  to  proof,  so  that  no 
well  established  ratio  exists  for  them. 

The  following  values  of  Factors  of  Safety  ai*e  given  on  authority  of  Prof. 
W.  J.  M.  Bankine*  as  a  general  summary  of  experience  of  the  profession. 


Value  of  «  =  P  -;-  W. 

Ck>nditionB. 

DMdlOAd. 

LlT«lo«L 

For  perfect  materials  and  workmaiuihip,       

For  good  materials  and  workmanBhip  :— In  metals, 
n  n  n  n  timber, 
n              n                     99              n  mafloniy, 

2 

8 

4to5 

4 

1 

4 

6 

8  to  10 

8 

Other  va^tles  will  be  given  in  detail  in  the  appropriate  places :  it  may 
here  be  noted  that  many  authors  consider  the  proper  value  of  s  for  timber 
to  be  10  for  Dead  Load. 

468.    Modulus  of  Fracture  or  Rupture.— The  intensity  of  Break- 

•  BanUne's  OiTil  Bnglneerlog,  6th  Edition,  Art.  148. 
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ing  Weight  in  pounds  per  square  inch  of  area  is  called  the  Measnre  or 
Modulus  op  Rupture  :  it  will  be  denoted  by  /  with  a  letter  subscript  to 
indicate  the  kind  of  fracture  intended,  (see  Art.  461).     Thus— 
Modulus  of  Rupture  or  /  = 

=  Intensity  of  Breaking  Weight  (in  pounds  per  square  inch)  = 
==  Breaking  *  Load  of  a  Piece  of  one  square  inch  area  of  cross  sec- 
tion   (4). 

459.  Applications  of  Load. — ^There  are  two  principal  modes  of 
application  of  Load,  ?iz.,  I.  Longitudinal,  II.  Transverse. 

L  Longitudinal  or  Direct  Load  is  direct  in  its  application ;  it  is  sub- 
divided into  two  principal  opposite  varieties,  viz.,  (1),  Tensile;  (2), 
Compressive. 

II.  Transverse  Load  is  indirect  in  its  application;  it  is  subdivided 
into  (1),  Shearing;  (2),  Twisting;  (3),  Bending.  Each  of  these  five 
modes  of  application  of  Load  produces  its  peculiar  kind  of  Fracture,  Strain^ 
Resistance  and  Stress,  some  of  which  have  distinctive  names.  The  form 
of  Strength  and  the  Modulus  of  Rupture  peculiar  to  each  kind  of  Load- 
application  receive  a  similar  name.  These  are  exhibited  in  one  view  in 
the  following  Table,  to  which  the  additional  terms,  viz..  State  of  Strain 
and  Pliability  (see  Art.  586)  have  been  added. 

Load  applied  in  one  manner  will,  however,  frequently  produce  Strain  and 
Stress,  &c.,  of  several  kinds  at  once  besides  that  enumerated  as  peculiar 
to  it.     This  will  appear  in  the  sequel. 

The  most  important  of  these  applications  of  Load  to  Engineering  Struo- 
tures  are — (1),  Tensile  ;  (2),  Compressive  ;  and  (3),  Bending.  It  will 
be  shown  that  ^en^tn^  maybe  resolved  into — (1),  Tensile;  (2),  Comprea^ 
sive ;  (3),  Shearing,  Stresses.  Structures  in  Engineering  are  seldom  exposed 
to  twisting,  so  that  the  Twisting  application  of  Load  seldom  requires  to 
be  considered. 

It  follows  that  the  kinds  of  Strain  and  Stress  of  primary  importance  are 
— (1),  Tensile',  (2),  Compressive;  (3),  Shearing — and  of  these  the  first 
two  are  by  far  the  most  important  in  Engineering. 

460.  It  may  seem  that  an  unnecessary  number  of  terms  have  been  in- 
troduced into  the  above  enumeration.  It  is  in  fact  not  necessary  to  make 
use  of  them  all  in  one  book :  nevertheless  they  are  all  in  common  use 
in  the  profession,  and  require  to  be  understood  in  order  that  Works  of 
different  authors  may  be  read  intelligently. 
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Oeneral  NotatioxL — The  following  general  notation  has  been 

^V^^  in  this  Treatise,*  and  is  collected  in  this  place  for  ready  reference. 

^^^*^«al  as  the  adrantage  of  a  nnifonn  notation  is  in  aiding  the  progress 

*  ^llii  Btadant,  it  is  impossible  to  comprise  in  a  few  letters  the  whole  of 

^^  liolatioQ  reqnired  in  snch  a  wide  subject  as  Applied  Mechanics.     Such 

^*^4Heations  as  are  ned^ssary  for  particular  purposes  will  be  noticed  as 

oconr. 

iMimj  terms  are  necessarilj  included  in  this  general  scheme  of  notation 

explanation  has  not  jet  been  gifen. 

J9iM, — In  using  fonnal»  from  different  books,  great  eare  is  required  to  ascertain 

"■dts  of  weight  and  measure  intended, 
%h0  units  used  throughout  this  Treatise  are  in  general, 

l^f  The  avoirdupois  pound  as  the  weight-unit. 
S^,  The  inch  as  the  linear  unit. 

In  a  few  cases  other  units  (e,  g.,  the  ton  and  foot)  are  used  when  prac- 
oonvenience  demands  it,  but  the  notation*  itself  wiW  indicate  this. 

It  will  be  noticed  that  a  single  and  double  accent  are  used  to  modify 
cane  agmhol  for  use  with  Dead  and  Live  Loads  respectively,  and 
a  subscript  t,  c,  a,  b  are  used  to  modify  the  same  symbol  for  use  with 

Compressive,  Shearing,  and  Bending  meanings. 
P  s=  Dead  Breaking  Load  or  Weight  (in  pounds), 
p   =  Intensity  of  P  (in  pounds  per  square  inch), 
W  =  Working  or  Safe  Load  (in  pounds), 
W  =  Dead  „  „ 

W=Live 

w^vf^uf  =.  Intensities  of  W,  W',  W"  (in  pounds  per  square  inch), 
y    =  Intensity  of  direct  longitudinal  Breaking  Load  (in  pounds  per 

square  inch), 
J%    =  Intensity  of  direct  Tensile  Ultimate  Stress,  or   Tenacity  (in 

pounds  per  square  inch), 
/m    s=  Intensity  of  direct  Compressive  Ultimate  Stress  or  Crushing 

Modulus  (in  pounds  per  square  inch), 
ph  =  Co-efficient  of  Rupture  -rr/b  -r-  18  (in  pounds  per  square  inch), 
yi    =  Modulus  of  rupture  =r  18  /?b  (in  pounds  per  square  inch), 
m     =  Factor  of  Safety  generally  (applicable  to  W)  =  P-f- W, 
•    =  „  (applicable  to  Dead  Load  W')  =  P-f- W, 

•  jr.  A— It  iB  to  be  nndentood  that  this  notation  is  only  strictly  applicable  to  this  (Jzd)  Edition 
oCToLI. 
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z"    =  Factor  of  Safety  (applicable  to  Live  Load  W)  zsPt-V 
8t    =  Safe  intensity  of  direct  Tensile  Stress  (in  tons  per  Bi^Qiiib 
=/i^2240«. 
*  Sc    s=:  Safe  intensity  of  direct  Oompressive  Stress  (in  toniptti| 
.    inch)  =/«-r  2240  t. 
A    =  Area  (in  sqnare  inches)  of  a  cross  section  of  any  mitidil 
At  =  Net  area  (in  square  inches)  of  tension  flange. 
Aa  =s  Area  (in  square  inches)  of  web. 
Ae  =  Qross  area  (in  square  inches)  of  compression  flange. 

/.  A  =  At  -}-  A,  +  Ac  (in  Qirders). 

h     =  breadth  (in  inches)  of  the  area  A. 

d     =  depth  (in  inches)  of  the  area  A. 

t      =  thickness  (in  inches). 

I      =  length  (in  inches)  ">     .    . 12  L 

L     =  length  (in  feet)     / 

X     =  Stram  (in  inches)  of  L 

\t    =  Elongation  (in  inches)  of  /. 

\o    z=  Contraction  (in  inches)  of  L 

E    =  Modulus  of  Elasticity  in  pounds  per  square  inch. 

Et  ==  Modulus  of  Tensile  elasticity  in  do. 

Eo  =  Modulus  of  Compressive  elasticity  in        do. 

Ed  =  Go-efficient  of  Deflection-elasticity  in       do. 

3     =  Maximum  deflection  in  inches. 

X,  f/y  z  nz  Co-ordinates  of  length,  breadth  and  depth  (in  gener 

462.  Principles  of  Design. — "Design"  is  the  art  of  arrangi 
terial  to  the  best  advantage  to  carry  given  Loads.  In  theoretical  j 
Mechanics  this  is  to  bo  understood  to  mean  in  the  manner  most  U 
to  utilizing  the  full  powers  of  Resistance  of  the  material,  and  tl 
most  favorable  to  economy  of  material^  (after  giving  due  regard  1 
considerations,  such  as  aesthetic,  convenient,  pecuniary,  &c). 

The  Principles  of  Design  maybe  thus  summed  up : — "  After  the  s 
**  action  of  the  Load  on  a  Structure  is  complete,  there  is  statical  equ 
"  amongst  all  the  forces  at  each  point  of  the  Structure,  so  that  the  pi 
"  of  equilibrium  of  rigid  bodies  (as  given  in  Elementary  Statics)  1 
"applicable,  both  to  the  whole  stmcture,  and  to  every  part  of  it. 
"  ther,  a  structure  must  possess  Stahiliti/,  Strength^  and  Stifness  hi 
"  tvhokf  and  in  every  part.^* 
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The  following  relations  must  therefore  obtain  among  the  Loads  and  Be-^ 
sistances  (see  Arts.  463,  464,  465). 

463.  Stability. — The  conditions  are— 

(1).  The  algebraic  sums  of  all  the  external  forces  (including 
Weight  of  the  stracture,  and  He-actions  at  supports)  resolved  parallel  to 
ani/  three  straight  lines  at  right  angles  (or  otherwise)  must  separately 
yanish (5) 

(2).  The  algebraic  sum  of  the  moments  of  all  the  external  forces  roand 
any  three  axes  at  right  angles  (or  otherwise)  must  separately  yanish...  (6). 

These  six  conditions  are  necessary  and  sufficient  for  the  Stability  of  the 
Structure  as  a  whole. 

The  same  six  conditions  applied  separately  to  each  piece  of  the  Struc- 
ture are  necessary  and  sufficient  to  the  Stability  of  the  several  pieces. 

The  above  may  be  called  the  Conditions  of  Stability, 

464.  Strength.  The  conditions  of  sufficient  Strength  are  quite 
similar. 

(1).  The  algebraic  sum  of  all  the  forces  Cwhether  external  Loads  or 
internal  Stresses)  at  every  section  through  the  Structure  resolved  parallel 
to  any  three  directions  at  right  angles  (or  otherwise)  must  separately 
vanish (5A). 

(2).  The  algebraic  sum  of  the  moments  of  all  the  forces  (whether 
external  Loads  or  internal  Stresses)  at  every  section  through  the  Struc- 
ture about  any  three  axes  at  right  angles  (or  otherwise)  must  separately 
vanish (6A). 

These  six  conditions  are  necessary  and  sufficient  to  the  Strength  of  the 
Structure  as  a  whole  at  every  section  right  through  it. 

The  same  six  conditions  applied  separately  at  every  section  through 
each  piece  of  the  Structure  are  necessary  and  sufficient  to  the  Strength  of 
each  piece. 

465.  StifChess. — Beside  Stability  and  Strength,  a  Structure  must 
possess  sufficient  stiffness^  both  as  a  whole,  and  in  every  part,  to  prevent 
such  strains  as  would  unduly  disfigure  it,  as  such  disfigurement  alone 
might  render  it  useless  for  the  purpose  intended,  although  both  stable 
enough,  and  strong  enough  for  the  purpose. 

The  amount  of  disfigurement  (Strain)  permissible  in  a  Structure  de- 
pends chiefly  on  various  practical  considerations  according  to  the  ust  for 
which  the  structure  is  intended. 

VOL.    I. — THIBD    EDITION.  8   M 
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The  mathematical  treatment  of  stiffness  will  be  considered  hereafter. 

466.  The  principles  jost  given  (Arts.  463,  464,  465,)  shonld  be 
folly  considered,  as  it  will  be  foond  that  the  Mathematiccd  Treatment  of 
Engineering  consists  simply  of  their  repeated  application. 

It  might  be  Uiought  that  Uieir  repeated  application  as  indicated  would 
inTolre  enormons  labor.  In  practical  Engineering,  howerer,  it  fortun- 
ately generally  happens,  the  forces  are  so  distribnted  as  to  lie  nearly  all 
in  one  plane,  and  that  the  actnai  calculation  of  thoso  out  of  the  principal 
planes  is  unnecessary,  («.  ^.,  in  Trusses,  Girders  and  Arches  it  is  seldom 
necessary  to  calculate  any  Stresses  except  those  in  planes  parallel  to  the 
faces  of  the  truss,  girder  or  arch). 

This  materially  simplifies  the  calculations,  as  though  the  whole  set  of 
six  conditions  is  of  course  necessary  to  equilibrium,  three  only  will  haye 
to  be  used  in  general  in  calculation. 

These  three  conditions  are  those  of  equilibrium  of  Forces  in  a  plane, 
viz. — 

(1).  The  algebraic  sums  of  all  the  forces  resolved  parallel  to  an^  two 
directions  at  right  angles  (or  otherwise)  in  their  plane  must  be  separately 
zero (5B). 

(2).  The  algebraic  sum  of  the  moments  of  all  the  forces  about  ang 
point  in  their  plane  must  be  zero (6^)« 

This  set  of  three  conditions  must  of  course  hold  both  for  the  Structnre 
as  a  whole,  and  for  every  piece  of  it,  and  further  must  hold  separately 
among  the  external  forces  or  Loads  for  Stability,  and  among  the  External 
Loads  and  Internal  Stresses  for  Strength. 

It  is,  moreover,  fortunately  generally  possible  by  suitably  choosing  the 
points  at  which  these  conditions  are  to  be  applied  to  reduce  the  number  of 
applications  of  these  conditions  to  about  one  or  two  for  each  piece  of  a 
structure,  so  that  the  amount  of  calculation  practically  required  is  by 
no  means  so  great  as  might  appear  from  the  mere  statement  of  the 
conditions. 

This  will  be  better  understood  after  reading  the  Ohapters  on  Transverse 
Strain. 

It  should  nevertheless  be  distinctly  understood  that  the  whole  set  of 
conditions  must  obtain  at  every  section  of  every  piece  of  a  Structure. 

467.  Stress  and  Strain.— The  treatment  of  combination  of  Stres- 
ses and  of  Strains  in  a  general  manner  is  far  too  difficult  for  a  Work  of 
this  kind.    The  Student  is  referred  to  High-Class  Works  for  their  syste- 
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treatmenty  e.  g.^  Thomson  and  Tait's  Natural  Philosophy,  and  Ban- 
Hannal  of  Applied  Mechanics. 
'■-     III  practical  Engineering,  snch  general  treatment  is  seldom  necessary. 
^    'What  follows  will  be  sufficient  for  most  cases. 

v^  468.  Total  or  Whole,  and  Intenaily. — Carefal  attention  should 
^mj^  paid  to  the  distinction  between  these  terms  as  applied  to  Loadf  Resitt^ 
^  ^-— CiL  Strese  and  Strain, 

^  .^   Pjar*— ro<ai  or  Whole  Load,  Resistance,  or  Stress  on  a  piece  of  mate- 
r. ;  kUi  is  the  sum  of  all  the  Loads,  Resistances  or  Stresses  of  a  giyen  kind 
'  Jn  Oiat  piece. 

Bbf. — Total  or  Whole  Strain  is  the  whole  visible  change  of  size  or  shape. 
DxF. — Uniform  Inteneity  of  Load,  Resistance  or  Stress  at  a  point  in 
a  laetion,  is  measured  by  the  number  of  units  of  weight  per  unit  of  area 
immd  that  point. 

In  this  Manual  it  is  denoted  by/,  p,  or  w,  with  letters  subscript  (Arts. 
4B9  ^^  461)  to  indicate  the  character  o{  Stress,  and  is  usually  measured 
.|B  ponnds  (or  tons)  per  square  inch. 
\        DxF. — Uniform  Intensity  of  Strain  at  a  point  in  a  section  is  measured 
-   \g  the  quantity  of  Strain  per  unstrained  unit,  e.  g.^ 
**!        iMsar  Strain-intensity  is  measured  by  the  Strain  or  Change  (in  inches) 
f    par  linear  unit,  (viz.,  per  inch,)  t.  e.,  is  denoted  by  X  -?-  /. 
i         (Mie  Strain- intensity  is  measured  by  the  change  of  yolume  (in  cubic 
\   .inelieB)  per  cubic  unit  (viz.,  per  cubic  inch). 

'  Shearing  Strain-intensity  is  measured  by  the  co-tangent  of  the  angle 
"  of  a  distorted  prism,  square  when  unstrained  :  it  will  be  denoted  by  y. 
Dkf. — Variable  Intensity  of  Load,  Resistance  or  Stress,  also  Strain 
al  a  point  in  a  section  are  measured  (by  the  principles  of  Infinitesimals) 
hj  the  number  of  units  of  weight  per  unit  of  area,  or  by  the  quantity  of 
tffratn  per  unstrained  unit^  respectively,  round  that  point  estimated  as  if  of 
ike  same  uniform  intensity  as  the  actual  intensity  at  that  point. 

These  defiDitionB  will  be  noticed  to  be  analagoos  to  those  of  the  measures  of  tmi- 
jbrm  and  yariable  velocities  and  accelerations  in  elementary  Dynamics  and  of  fluid 
pieasiires  in  elementary  Hydrostatics,  so  should  present  no  difficulty  to  the  Student 
who  has  mastered  those  branches.  They  will  be  recognized  by  the  Student  of  Dif- 
toential  Calculus  as  equivalent  to  the  following  equations  (compare  £q.  4), 

^=5a'  "  =  5a'^==5a  (7)- 

From  the  preceding  definitions  it  follows  that,  if  intensities  of  Load, 
Beaiatance,  or  Stress  be  represented  by  lines,  then  Total  Loads,  Resis- 
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UncM,  or  Sttesies  are  conrenientl;  represented  by  volama  of  solids. 
Tbis  grftphic  metbod  bu  tbe  adrantage  of  conveying  clear  idean  (even  to 
tboae  not  acquainted  witb  Integral  Calculns)  of  both  tbe  magnitude  and 
position  of  tbe  Resultant  Load,  Reiiistance  or  Stress. 

469.  Parallel  StreBses  on  a  plane  area. — Tbns  for  a  Load,  R«- 
Hiatance  or  StTeaa  (wboao  components  are  parallel)  in  tbe  caao  of  « 
plane  area  A,  (*M  Fiff.  1 ). 

Let  P  =  Total  Load,  Resistance  or  Stress  distributed  in  ai^  meaner 
orer  the  area  A. 

Let  p  =  Intensity  of  the  eame,  %t  any  point  P  in  that  area  wbose  co- 
ordinates (referred  to  rectangular  axes  Ox,  Oy  in  the  plane  of  A)  are 
OL  =  a;,  OM  =  y. 

Then  if  the  intensities  (p)  be  represented  by  lines  as  PN  drawn  per- 
pendicular to  each  point  as  P  of  the  area  A,  tbe  Total  Load,  Resistance, 
or  Stress  (P)Trilt  be  represented  by  the  volume  of  tbe  prismatic  or  cylindrio 
■olid  vbose  base  is  the  area  A,  and  whose  upper  enrface  is  formed  by  thft 
npper  ends  of  tbe  ordinates  sncb  as  PN  (which  represent  tbe  intensities 
from  point  to  point  of  tbe  area  A). 

^ns  if  Y  be  the  Tolame  of  the  solid,  u>  the  weight  of  a  cnbtc  nnit  of  it, 
■0  that  p  =  tei.    Then 

P  =  «.  V 8). 

Also  the  "  Centre  of  Stress  "  is  tbe  point  g^  in  the  area  A  immediately 
below  the  "  centre  of  grayity  "  Q  of  the  reprBseutallTe  solid  V (9). 


Fig.  1. 
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Theae  two  raenlts,  which  give  the  magnitade  and  position  of  tbe  Result- 
ant of  Parallel  Loads,  Beaistancea,  or  Stresses  on  a  plane  area  are  perfectly 
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Tliey  cannot,  however,  tfi  general  be  expressed  in  algebraic  for- 
wiihont  the  aid  of  the  Integral  Calculus. 
'  ■     470*     Case  I.— Load,  Resistance,  or  Stress  oj  uniform  intensity  (p)» 
-^''This  18  the  only  very  simple  case,  and  fortanately  the  most  useful  in  fin- 
ing.   The  ordinates  as  PN  representing  the  intensities  will  evident- 
lie  of  eqnal  length,  and  the  upper  surface  of  the  representative  solid  will 
9ll  m  plane  area,  equal  in  all  respects  to  and  parallel  to  A,  so  that  V  =  2  .  A, 
^;^>i^flra  £•=  p  -7-  to,  a  constant  quantity. 
■  '■"  Henee  P  =  w  V  =;? .  A,  also  ;>  =  P  -f-  A f8A). 

« 

'■..  ^    Also  the  "  Centre  of  Stress  "  is  the  centre  of  gravity  of  A (9 A). 

'    *   In  this  case,  the  only  difficulty  in  finding  either  P  or/},  when  one  is 
';  ifprrnkf  will  be  in  calculating  the  area  A.      But  in  Engineering  practice, 
■ftm  mrea  A  is  usually  some  simple  figure  whose  area  can  be  immediately 
^.-  knd  by  Elementary  Geometry. 

.L-^-    Jf.£L — Of  course  result  (8A)  coald  be  obtained  at  onco  by  integration  from  Eq.  (7) 

thns  dP  =  pdA, ,',  P  =  /*pdA  =  p   fdk  =  ;;A. 

-  (}u6  n(a). — Load,  Resistance  or  Stress  of  variable  intensity  (p),  but 
^\  qfiks  $ame  sign,  t.  e.,  entirely  tensile,  entirely  crushing  ,or  entirely  shear- 
*  ing  of  one  direction.  In  consequence  of  the  ordinates  as  PN  (represent- 
r  lag  the  intensities)  varying  from  point  to  point  of  the  area  A,  the  repre- 
[    MDtadve  volume  Y  cannot  be  expressed  algebraically  without  the  aid  of 

\k»  Integral  Calculus. 

Here  P  z=  wV  =  ^ff  zdxdy  =rj'p  dx  dy (8B). 

tiie  integral  being  extended  o?er  the  whole  area  A. 

Besnlt  (9)  cannot  be  more  simply  expressed :  if  a;,  ^  be  the  distances 

of  g^  the  ''  centre  of  Stress  "  from  the  axes,  then  it  is  shown  in  Works  on 

Analytical  Mechanics  that 

=  =  (yy>*  ^^^y\   -^  !">  y  =\/./py  dxdy]  ^  P (9B). 

the  int^ral  being  extended  over  the  whole  area  A. 

Also  if  po  =  mean  intensity  of  P,  (t.  e.,  as  if  uniformly  distributed), 

Then— 

P  =  po.  A,  and  jpo  =  P  -T-  A (lOB). 

Case  11(h), — Load,  Resistance,  or  Stress  of  variable  intensity  (p),  but 
of  two  contrary  signs. 

This  should  be  treated  as  Case  11(a)  by  the  method  of  Case  111(6), 

following. 

Neither  Case  11(a)  nor  11(6)  are  of  much  importance  in  Engineeriug. 
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Case  III.<— Lend,  Resistance,  or  Stress  oj  unifantdy^vofying  inteniitj. 

This  is  the  most  simple  case  of  yarying  StresSy  and  fortonatelj  one  0/ 
iht  most  useful  in  Engineering. 

By  '^  uniformly-varjing  "  is  meant  yarying  as  the  distance  from  boom 
fixed  line  in  the  area  A  :  this  line  may  be  called  the  ^^  line  of  no  Stress.'' 

In  this  case  also  the  Results  (8),  (9)  cannot  be  expressed  algebndcsllj 
in  a  general  form,  (1.  «.,  applicable  to  any  figure)  withont  the  aid  of  the 
Integral  Calculus. 

But  in  Engineering  practice,  the  areas  are  of  such  simple  figure,  andtbe 
''  line  of  no  stress  "  so  situate  with  respect  to  them  that  the  Results  (8)  sod 
(9)  can  generally  be  evaluated  in  an  algebraic  formula  by  Elementary  Geo- 
metry in  each  particular  case.     Many  examples  of  this  will  occur  in  the 
sequel,  in  which  the  Student  will  find  that  the  use  of  Integral  Calculus  is 
not  essential  in  the  simple  cases  which  occur  in  practical  ESngineering, 
although  of  considerable  help  in  shortening  the  work. 

This  case  may  be  divided  into  two,  both  of  great  importance  in  praeti- 
cat  Engineering, 

(a).  Stress  of  one  sign,  e,  g,f  entirely  tensile,  entirely  crushing,  01 
entirely  shearing  in  one  direction. 

Example, — Fluid  Pressure,  Earth  Pressure,  also  Punching,  Slotting. 

(b).  Stress  of  contrary  signs,  e,  g.,  tensile  oyer  part,  and  crashing 
oyer  part  of  the  area,  or  shearing  of  opposite  directions  oyer  different  parte 
oi  the  area. 

Example. — In  Cantileyers,  Beams  or  Girders. 

Case  Ill(a). —  Unifoi'vily -varying  stress  of  one  sign.     Take  the  axis  Oy 
as  the  line  of  no  stress,  then  the  condition  that  the  stress  is  unifonnly- 
yarying  is  thus  expressed,  p  or  PN  oc  MP  {Fig.  1). 
I,  e.,  p  =  'Ur  X,  (where  tST  =  stress-intensity  at  unit-distance) (H). 

The  upper  surface  of  the  representative  solid  is  evidently  an  inclined 
plane  passing  through  the  "  line  of  no  stress  "  Og. 

h'^^^TT^suH  "(8)  may  be  expressed  in  a  form  similar  to  that  given  for 
Totel  Fluid  Pressure  in  Elementary  Hydrostatics,  thus:  Gj7.  w  the 
»  mean  Une  "  of  the  representative  solid,  and  therefore  the  line  of  action 
of  the  Resultant  or  Total  Stress  (P) ;  also  if  ff,'  be  the  centre  of  gr««ty 
'  of  the  area  A,  then  will  its  projection  g,'  be  the  centre  of  gravity  of  the 
tipper  plane  surface  (this  being  a  projection  of  the  area  A)  :  hence  »>  in 
Elementary  Hydrostatics ;  if  i>.  be  the  mean  pressure, 

w  X  j^.V,'  =  n  =  ^  ><  '"''^''' ^^^^^' 

Hence  P  =  toV  =  «»  x  A  X  i?>'  =  P,  A  =  iff  X  A  X  m.V.',  (80). 

JV.A— The  following  alterations  should  be  made  in  Fig.  1,  page  452. 

CtonTert  m,, g\, 93 into  "«i'» 9i'> Si-  .  ,         ,  .  ,       j_m~i  iim  aa 

Project  G  which  should  lie  to  right  of  gi  y,'  on  to  plane  of  A  by  a  dotted  Una  Gy.. 
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■ 

tlesult  (9)  cannot  be  more  simply  expressed.  ' 

These  results  cannot,  however,  be'expressed  in  an  algebraic  general  form ^ 

(i.  «.,  applicable  to  any  case)  without  the  aid  of  the  Integral  Calculus. 

The  genei'al  expressions  are 

P  =,fpy  ^*  =  '^J*^y  ^^> (8C). 

X  =  [vrj^x'ydx]  -h  P, (9C). 

^  =  P,  A • (IOC). 

In  practical  Engineering,  however,  the  figures  of  area  A  are  usually  so 
simple,  and  the  "  line  of  no  stress,"  Oy  so  situate  that  the  results  (8C), 
(9C),  (IOC)  can  often  be  evaluated  by  Elementary  Geometry  tn  each  parti- 
cular case  (although  these  results  cannot  be  expressed  in  a  general  form 
except  as  shown).     Many  instances  of  this  will  occur  in  the  sequel. 

Case  111(6.) — Uniformly -varying  stress  of  two  contrary  signs.  The 
Total  or  Resultant  of  Load,  Resistance  or  Stress,  and  also  the  ^/  Centre 
of  Stress  "  are  to  be  found  for  the  Stress  of  each  sign  separately  as  in 
Case  Ill(a).  These  two  resultants  form  a  system  of  two  parallel  oppo- 
site forces  applied  at  their  "  Centres  of  Stress.*'  Their  Resultant,  and  its 
point  of  application  (or  "  Centre  of  Stress")  are  to  be  found  by  the 
rules  for  a  pair  of  parallel  forces  (for  which  see  any  elementary  work  on 
Statics). 

If  the  two  partial  resultants  be  equal,  there  is  no  single  Resultant,  and 
no  single  "  centre  of  Stress."  The  pair  of  equal  unlike  parallel  Stresses 
form  a  ''  Couple"  whose  arm  is  the  distance  between  the  centres  of  Stress. 
This  is  the  case  which  obtains  in  Cantilevers,  Beams,  and  Oirders,  and 
will  be  constantly  referred  to  in  the  Chapter  on  Bending. 

471.  Work. — The  technical  term  "  Work  "  is  defined  in  Elementary 
Dynamics*  as  the  *^  production  of  motion  against  resistance  "  and  as  mea- 
sured by  the  number  of  units  of  weight  raised  one  linear  unit  in  height. 
The  work-unit  is  therefore  a  compound  unit  comprehending  both  weight 
and  length -units.     The  usual  work-units  are 

The  British  work-unit  of  one  foot-pound,  (t.  «.,  one  pound  raised  one 
foot  high). 

The  French  Work-unit  of  one  kilogrammitre,  (t.  e,,  one  kilogramme 
raised  one  metre  high). 

•  Todhnnter't "  Mechanicfl  for  Beginners,"  Chapter  XYII.,  2nd  Bd. 
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Other  Work-nnits  are  occasionally  used  in  different  problems,  e.  ^^  in 
problems  relating  to  Btmctares,  it  is  often  convenient  to  take  the  inch  as 
the  length-nnit  (as  will  generally  be  done  in  this  Manual),  in  which  case 
the  Work-nnit  wonld  be  one  inch-poundj  t.  e.,  one  ponnd  raised  one  inch 

high). 

472.  Acotunnlated  Work,  Actual  Energy,  Kinetic  Energy.— 
It  is  shown  in  works  on  Elementary  Dynamics*  that  the  amonnt  of 
"  "Work "  accumulated  in  a  moving  body  of  "Weight  W,  or  Mass 
M  and  velocity  v  is 

i^  or  W  .  ^  =  Weight  x  height  due  to  the  velocity, (11). 

This  is  also  styled  the  Actual  Energy ,  or  Kinetic  Ener^  (i.  «.,  Energy 
of  Motion)  of  the  moving  mass. 

473.  Potential  Energy.— The  amount  of  Work  which  a  body  is 
capable  of  performing  in  consequence  of  its  position,  and  which  it  would 
perform  if  free  to  move,  and  is  prevented  from  performing  solely  by  re- 
straint on  its  motion  is  called  "  Potential  Energy." 

Example  (1). — A  weight  W  supported  at  a  height  h  feet  possesses  i\)- 
tential  Energy  measured  by  Wh  foot-pounds,  i.  «.,  if  released  it  would 
fall,  and  accumulate  Wk  foot-pounds  of  "Work  in  itself  which  would  then 
be  its  Kinetic  Energy  (or  Energy  of  Motion)  or  Accumulated  Work  which 
it  would  expend  on  the  earth  when  brought  to  rest. 

Example  (2). — A  spring  or  a  beam  bent  and  retained  bent  by  an 
External  weight  W  through  a  distance  2  (in  inches)  possesses  Wi  inch- 
pounds  of  Potential  Energy ^  which  on  the  removal  of  the  weight  becomes 
Actual  Energy  or  Kinetic  Energy^  which  is  expended  in  restoring  the 
spring  or  beam,  (i.  «.,  in  motion)  to  its  original  condition. 

These  examples  may  seem  hardly  worth  notice,  nevertheless  they  should 
receive  careful  attention  as  important  problems,  viz.,  designing  Structures 
to  resist  impact^  can  only  be  solved  through  these  considerations.  These 
problems  will  appear  in  the  sequel. 

474.  Total  Energy. — The  Total  Energy  of  a  system  is  the  sum  of 
its  Potential  and  Kinetic  Energies. 

475.  Conservation  of  Energy. — This  is  a  principle  which  has  only 
recently  been  thoroughly  established,  and  is  considered  one  of  the  great- 
est discoveries  of  late  years.     The  principle  is  that 

•  Todhonter'i  *'  Mecbuiios  for  Begionen,  '*  OhApter  XVn.,  3nd  Bd. 
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''  The  Total  Energy  of  a  system  though  alterable  in  kind  is  indes- 
*'  tmctible  in  amount  by  any  mutual  action  of  the  parts  of  the  system 
"  itself, "  I.  e.f  "  the  Total  Energy  is  a  constant  quantity". 

In  strictness  this  is  only  true  when  every  form  of  Energy  is  included 
in  the  term  "  Total  Energy,"  including  therefore  Heat,  Electricity,  &c. 
among  the  components  of  the  "  Total  Energy." 

In  practical  Engineering  of  Structures,  the  only  form  of  Energy  that 
requires  to  be  considered  is  that  of  such  motion  as  is  yisible,  viz.,  such 
as  is  treated  of  in  Elementary  Dynamics,  and  the  quantity  of  such  visible 
motion  as  is  transformed  into  other  forms  of  motion,  such  as  Heat,  Elec- 
tricity, <&c.,  is  80  small  that  the  principle  of  the  *^  Conservation  of 
Energy  "  is  approximately  true  for  these  visible  motions.  This  is  a  very 
important  simplification  of  Engineering  problems  which  would  otherwise 
be  extremely  complex,  and  not  completely  reducible  in  the  present  state 
of  science. 

This  principle  is  of  great  use  in  designing  Structures  to  resist  impact. 

476.  Suddenly  Applied  Loetd. — The  following  theorem  is  of  such 
great  importance  that  a  rigorous  demonstration  will  be  given. 

Theorem.^'^*  The  Work  done  by  a  Load  gradually  increasing  from  zero 
*'  to  the  amount  W  whilst  moving  through  the  whole  space  s  is  equal 
'*  to  half  the  Work  done  by  the  same  Load  W  suddenly  moved  through 
''  the  same  space  s. 

JV:  J9.— It  is  for  this  reason  that  the  "  Factor  of  Safety  "  for  Live  Loads  which 
change  rapidly,  see  Art.  457,  (and  are  therefora  akin  to  sadden  Loads)  is  made 
twice  that  for  Dead  Loads.  This  reason  will  be  better  understood  after  reading  the 
Chapters  on  Elasticity,  and  Transverse  Strain. 

Proof  Divide  the  whole  Load  W  and  also  the  whole  space  s  into  a 
very  great  number  n  of  very  small  equal  parts  (each  of  which  will,  therefore, 
be  W  -f-  n  and  s  -H  n)*     Suppose  for  an  instant  that  W  increases  from 

zero  to  W  by  sudden  additions  of  these  equal  parts  — as  the  partial  Load 

describes  each  division  s-f-n. 

Then  the  Work  actually  done  by  the  Load  when  it  has  attained  any 

W       .  .  W 

magnitude  as  m  —  whilst  passing  with  gradual  increment  of  —  through 

the  next  space  -  will  be  intermediate  to  the  Work  done  in  the  two  following 
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478.  Tensile  Strain,  t.  e.^  Elongation  or  Extension,  is  produced  hj 
external  forces,  i.  e.,  by  a  Load  in  the  direction  of  the  strain,  which  tends 
to  stretch  or  tear  apart  particles  of  the  material  in  mutoal  contact,  and 
prodnces  Tensile  Resistance  and  Stress  between  those  particles. 

All  three,  viz.,  the  Load^  the  Strain,  and  the  Stress  are  in  the  same 
direction,  riz.,  perpendicular  to  the  surfaces  of  particles  of  the  material 
strained  that  are  in  mutoal  contact,  so  that  their  essential  character  is 
normal  to  those  surfaces. 

479.  Theory  indicates  that  in  homogeneous  material  under  a  Losd  of 
uniform  intensity  per  unit  of  area,  (in  which  case  the  Resultant  of  the 
Load  coincides  with  the  axis  of  figure  of  the  material  strained.)  the 
Resistance  to  Tensile  Strain,  t.  e.,  the  Tensile  Stress  produced  is  directly 
proportional  to  the  area  of  cross-section  (perpendicular  to  the  strain  or 
stress)  of  the  material  strained,  and  constant  for  any  one  area  of  the  same 
material.  Experiment  and  practical  experience  abundantly  confirm  this 
theoretical  consideration,  when  the  materials  used  are  nearly  homogeneous. 

480.  It  is  very  important  to  notice  that  the  state  of  Tensile  Strain  is 
one  of  stable  equilibrium,  t.  e.,  the  tendency  of  the  external  applied  forces 
or  Load  is  to  correct  any  trifling  deviations,  by  whaterer  cause  produced, 
after  the  removal  of  that  disturbing  cause :  this  is   sufficiently  evident 

T 1    from  the  annexed  figure. 

AB  18  a  bar  hanging  ycrtically  from  B/stretched  longi- 
tudinally   by  a  weight  W.      If  it  be  slightiy  poshed 
out  of  its  vertical  position  temporarily  by  any  cause,  it 
Fig.  2,      /  /  clearly  tends  to  return  to  that  position  on  the  removal  of 

the  disturbing  cause. 

This  is  important,  because  it  follows  that  the 
tendency  of  the  Load  (or  external  applied  forces) 
is  to  preserve  the  position  of  the  bar  in  that 
originally  assigned  to  it,  which  should  be  that 
most  favorable  to  resistance. 
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481.    The  Algebmo  expression  of  tte  law  of  resistance,  just  stated, 
is  as  follows  {see  Art.  461,)  : —  Let 

A  =  Net  Area  (in  sqnare  inches)  of  least  cross  section  of  material 
stretched  (taken  perpendicular  to  the  stress),  t.  e.,  deducting 
all  holes,  (e.  g»j  rivet  and  bolt  holes)  and  flaws  (e.  g.,  knots  in 
iiimber). 
P  =  Breaking  Weight  (in  pounds),  t.  «.,  Total  Weight  uniformly  dis- 
tributed oyer  the  area  A  which  mil  just  break  the  piece  of 
material  (by  stretching). 
=  Ultimate  Strength,  t.  «.,  Ultimate  Resistance  to  tearing  (from 

the  equilibrium). 
=  Ultimate  Tensile  Stress  (by  definition). 

A  P  -h  2240  =r  the  same  in  tons. 
W  =  Working  Load  (in  pounds),  t.  «.,  Total  weight  uniformly  distri- 
tributed  oyer  the  area  A  that  the  material  can  bear  safely. 
z=  Working  Strength,  t.  e..  Working  Resistance  to  stretching  (from 

the  equilibrium). 
=  Working  or  Safe  Tensile  Stress  (by  definition). 
/.  W  -T-  2240  —  the  same  in  tons. 
ft  =s  Modulus  of  tearing  of  the  material  (by  definition). 

=  Weight  in  pounds  that  will  just  break  (by  stretching)  a  piece  of 

the  material  of  one  square  inch  in  section  (by  definition). 
=  Ultimate  resistance  to  stretching  in  pounds  per  square  inch  (from 

the  equilibrium). 
N,B.^-fi  is  a  constant  for  each  material  to  be  determined  by  experiments  on 
direct  stretching,  and  calculated  bj  inversion  of  formnla  (1),  thns  /t  =:  P  -r  A   A 
table  of  its  yalnes  for  common  boilding  materials  is  given  in  Appendix  XL,  and  for 
Indian  Woods  in  the  List  of  Indian  Timber  Trees  in  Chapter  Y.  Section  L 

8  =  factor  of  safety  applicable  to  the  materia],  an  empirical  quantity 

fixed  by  experience  {see  Art.  457,  and  Table  on  next  page). 

•*•  ^t  -r  «  =  safe  intensity  of  tensile  stress  in  pounds  per  square  inch 

(by  definition). 

St  =  safe  intensity  of  tensile  stress  in  tons  per  square  inch  =  r^§r-  -7-  8m 

I^.B, — These  are  two  nsefol  modifications  of  the  00-efficient  f^ 
ft -7-*  averages  1000  for  timber  for  dead  loads. 
tt      averages  1^  for  cast-iron  for  dead  loads. 
9t  „  7   for  wronght-iron*  for  dead  loads. 

"  This  valne  is  higher  than  that  vmaJlj  given :  it  is  given  on  anthority  ot  Unwin's  *'Wioiight- 
Ixon  Bridges  and  Eoofi,"  1869,  Art  89. 


Timber, 

Wroocht^imn*,' 
Steel  (b'Dli'b), 
CiirtlHue, 
Chain,  gtu.1.  .. 

Clmin,  uli«c  linl 
Wiro-rape,     .. 


Cbarnctgr  of  Load- 


m 


Hence  P  =  «W,  and  P  -i-  2240  =  »  (W  -H  2.40)  by  dof. ., 
And  by  the  laws  of  resistance  jaet  givcD,  for 


Load  P  or  W  of  uairorm  intensity, 


}P= 


/; .  A  .. 


•  W 
•-(«> 


EqaatioDs  (1)  And  (2)  contain  all  that  is  necessary  for  fiading  either 
the  Breaking  Load  (P),  or  Woiking  Load(yi)oS  h  piece  of  given  crou- 
Beclional  area  (A),  or  the  converse,  viz.,  to  find  the  least  net  crost-seC' 
tional  area  (A)  rerinired  to  boar  a  Working  Load  (W)  or  Breaking 
Weight  (P),  in  cacli  case  Trheo  the  Load  is  uniformly  distributed  orer 
the  area  (A). 

482.  Equation  (2)  is  approximately  trne  when  the  Load  is  nearly  imi' 
formly  distributed  over  the  area  (A).  In  most  cases  in  which  BeBistonoe 
to  direct  Tension  has  to  be  considered  in  practice,  the  Load  is  approximalelif 
umformlff  distributed,  and  the  formula  (2)  is  Bufficiently  accurate  for  prac- 
tical purposes.  Thi^  is  important,  aa  this  formula  is  extremely  simple 
whereas  the  accurate  formula  for  imeven  distribution  of  Load  is  complex. 
Horeover  the  full  powers  of  resistance  of  material  to  tension  can  only  be 
utilized  when  the  material  is  so  arranged  that  the  Btress  is  uniformly  dis- 
tributed over  the  area  A  (in  which  case  the  Besnltont  Stress  of  cooim 

*  From  Stosej'i "  ThcDTT  ol  Stniai,"  ChkpUr  ZIT. 
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ptsses  throngh  the  centre  of  fignre  of  that  area).  Economy  of  material 
is  therefore  secnred  by  this  arrangement,  whiyh  should  be  adopted  when- 
6Ter  possible.  This  can  generally  be  effected  hy  properly  proportioning  the 
Jdnis  and  attachments  by  which  the  Stress  is  communicated  to  the  material 
to  be  subjected  to  tension. 

Example  (1).  In  a  tie-rod,  the  centres  of  the  joints  at  the  ends 
should  be  on  the  axis  of  the  tie :  and  one  of  the  tie  heads  should  be  forked 
and  one  single  {see  Fig.  3) :  this  generally  secures  the  co-incidence  of  the 
Befioltant  of  the  Stress  with  the  axis  of  figure  of  the  tie,  and  if  the  tie  be 

p^q    3^  not  very  large,  secures  an  ap- 

0  proximately  uniform  distribu- 

>       Y^  ^ion  of  the  tensile  stress  over 
I        the  area  of  each  cross  section. 
i  '"T^l  ^        ^^  proper  form  of  joint  will 

""•-^  be  investigated  later. 

Example  (2).  Angle-irons,  and  T-irons  cannot  advantageously  be  used 
as  ties,  t.  e.  on  account  of  the  practical  difficulty  of  attaching  an  angle- 
iron  tie  otherwise  than  by  rivetting  only  one  of  its  arms,  or  aT-iron  tie 
otherwise  tiian  by  riveting  only  its  head,  a  tensile  stress  is  not  easily  dis- 
tributed uniformly  over  their  cross  sectional  areas,  in  which  case  their  full 
Strength  cannot  be  utilized. 

483.  Weight  of  piece  itself. — The  weight  of  the  piece  itself  when  it  forma 
o  part  of  the  whole  stretching  Load  to  which  the  piece  is  subject,  (which  will 
a^lways  be  the  case,  when  the  piece  is  not  horizontal),  should  in  strictness  be 
included  in  the  gross  Load,  whether  Breaking,  Proof,  or  Working.  It 
is,  however,  important  to  notice  that,  unless  the  piece  be  of  great  length, 

its  own  weight  will  often  in  practice  in  Engineering  be  so  small  a  fraction 

of  the  whole  Load  that  it  may  be  neglected. 

484.  Structural  Classification. — In  consequence  of  differences  in 
structure  in  different  directions,  materials  generally  vary  in  power  of 
resistance  to  tensile  strain  in  different  directions,  and  consequently  have 
different  values  of  /t,  in  different  directions,  each  of  which  requires  to  be 
specially  determined. 

For  the  present  purpose,  materials  may  be  roughly  classed  into  (1), 
Fibrous ;  (2),  Crystalline ;  (3),  Quasi-homogeneous,  i,  «.,  such  as  being 
neither  fibrous  nor  crystalline  possess  a  sort  of  homogeneity,  or  unifor- 
mity of  structure. 
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Their  general  properties  are  as  follows : — 
^  (1).     Jfibrous  materials  are  in  general  much  stronger  in  resistance  to 

tensile  strain  in  the  direction  of  the  fibres  than  in  any  other  direction, 

and  also  in  general  stronger  than  materials  of  the  other  classes.     They 

generally  yield  considerably  before  fracture,  thereby  giving  some  sort  of 

warning  long  before  the  point  of  fractare,  a  valuable  property  in  materials 

for  use  in  bnilding  and  manufactares. 

«  In  consequence  of  the  greater  strength  being  in  the  direction  of  the 

\  ^  fibres,  the  most  numerous  experiments  for  determining  ft  are  for  that 

^'  direction,  and  when  not  otherwise  stated  recorded  values  of  ft  must  be 

imderstood  to  refer  soleltf  to  that  direction. 

For  all  these  retLSons  fihrous  materials  should  always  be  used  if  possible 
^  to  resist  tensile  strain,  and  with  their  fibres  in  the  direction  of  the  strain. 

J  Examples, — Woods,  "Wrought-iron,   Rolled   Metals,   Wires,    Hopes, 

.  ^  Leather. 

^  (2).     Crystalline  and  (3)  Quasi-Homogeneous  Materials  are  in  general 

^  oomparatiyely  weak  in  resistance  to  tensile  strain ;  they  are  roughly  speak- 


.  *  ing  equally  strong  in  all  directions,  yield   little  and  irregularly  under 

'  ^  tensile  strain  before  fracture,  and  consequently  give  little  warning  before 

j  k  firacture.    For  these  reasons  they  should  if  possible  not  be  subjected  to 

'  ^  tensile  strain. 

J  ^  Examples  of  (2).     Cast  metals,  some  sorts  of  stones. 

Examples  of  (3).     Mortars,  some  sorts  of  stones,  bricks. 

486.    MaterialB. — The  materials  usually  subjected  to  tensile  strain 


^ 


(1).     In  Building — Iron,  Wood. 

(2).     In  Manufactures — Cord,  Rope,  Leather,  Metals. 

The  following  is  an  epitome  of  their  principal  properties  in  reference 
to  tensile  strain,  (Arts.  486  to  492). 

486.  Cast-iron. — Cast-iron  is  liable  to  air  holes,  and  flaws,  and  to 
unequal  contraction  in  cooling,  so  thhi  it  is  permanentli/  irregularly  strain- 
ed, and  is  quite  unsuited  to  resist  tensile  strain, 

(1).     Cold-blast  iron  is  stronger  than  hot-blast. 

(2).  Re-melting,  and  also  prolonged  fusion  (especially  in  soft-irons) 
somewhat  increase  the  strength. 

(3).     Annealing  diminishes  the  strength. 

(4).    Thick  castings  are  proportionately  stronger  than  thin  ones. 
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i5).    Tbe  interior  of  *  casting  is  weaker  than  the  exterior. 

(6).  Unequally  distribnted  stress  greatly  reduces  the  availdbU  strength 
%,g.^  Mr.  Hodgkinson  states*  that  *<  the  strength  of  a  rectangular  piece  of 
^cast-irony  drawn  along  the  side  is  ahout  |,  or  a  little  morCi  of  its  strength 
^  to  resist  a  central  strain.'' 

487.  Wrought-Iron  is  well  suited  to  resist  tensile  strain ;  its  ten- 
acity (/t)  is  about  thrice  that  of  cast-iron. 

8thl  is  of  very  variable  quality :  soft  steel  is  well  suited  to  resist  tensile 
•tnin. 

(1).  Rolled  iron  is  stronger  than  forged :  large  forgtngs  are  stronger 
than  small  forgings,  bar  than  plate,  and  common  plate  than  hoiler  plnte. 

(2).     Plate  iron  is  about  one-tenth  stronger  lengthw/iys  than  crosswajs. 

(3).  Be-heating,  hammering,  and  working  improve  wrought-iron  to  a 
certain  point;  good  plate  iron  is  worked  to  about  tbe  maximum  degree 
of  efficiency. 

(4).     Annealing  reduces  the  strength  (especially  of  wire). 

(5).  Removing  tbe  outer  skin  dues  not  (ns  was  foimerly  supposed) 
decrease  tbe  strength. 

(6).     Square  rods  are  slightly  stronger  than  round. 

488.  Kirkaldy'B  Conclusions.— Mr.  Eirkaldy  conducted  a  very 
ezteubive  Series  of  Experiments  on  tbe  tensile  strength  of  wrought  iron 
and  steel,  and  deduced  many  practical  conclusions  which  are  recorded  in 
the  works  belowf  quoted,  and  deserve  the  careful  consiJerMtion  of  the 
Student.  These  are  too  numerous  to  be  reproduced  in  extenso  in  this 
Treatise,  but  a  few  of  the  most  practical  may  be  here  quoted. 

1.  The  breakiofSf  strain  does  not  indicate  the  quality,  as  hitherto  assumed. 

2.  The  contraction  of  area  at  fracture,  previously  overlooked,  forms  ao  essential 
element  in  estimating  the  quality  of  specimens  (of  both  Iron  and  Steel). 

8.  Iron  is  injured  by  being  brought  to  a  white  or  welding  heat,  if  not  at  the  same^ 
time  hammered  or  rolled. 

4.  Iron  is  less  liable  t*)  snap  the  more  it  is  worked  and  rolled. 

5.  Iron  highly  heated  and  suddenly  cooled  in  water  is  hardened,  and  the  breaking 
strain,  when  gradoully  applied,  increased,  but  at  the  same  time  it  is  rendered  more 
liable  to  snap. 

e.  Iron,  like  steel,  is  softened,  and  the  breaking  strain  rednced,  by  being  heated 
and  allowed  to  cool  slowly. 

7.  Steel  is  rednced  in  strength  by  being  hardened  in  water,  while  the  strength  is 
Tastiy  increased  by  being  hardened  in  oil    The  higher  steel  is  heated  (withoat,  of 

*  Sxpcrlmoital  Researches,  page  IIS. 
4  Experiments  on  Wroaght-Iron  and  Steel,  D.  Klrkoldy,  IMS,  and  Stoney'n  Theoiy  of  Straini. 
VOL.    I.^-THIRD    EDITION.  3   O 
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coarse,  ranning  the  risk  of  being  burned)  the  gp'eater  is  the  increase  of  strength,  bj 
being  planned  into  oil. 

8.  Heated  steel,  by  being  planged  into  oil  instead  of  water,  is  not  only  consider- 
ably hardened f  bat  toughened  by  the  treatment 

9.  Steel  plates  hardened  in  oil,  and  joined  together  with  riyets,  are  fally  equal  ia 
■treng^  to  an  onjointed  soft  plate  ;  or  the  loss  of  strength  by  riveting  is  more  tha& 
ooanterbalanoed  by  the  increase  in  strength  by  hardening  in  oil. 

10.  In  cast-steel  the  density  is  mach  greater  than  in  puddled-steel,  which  ii  eren 
less  than  in  some  of  the  saperior  descriptions  of  wrooght-iron. 

489.  TiMBBit. — The  tenacity  (and  therefore  /t)  along  the  grain  is 
^enefHlly  greatest  in  woods  whose  fibres  are  straiKlit  and  well  marked. 
It  is  diminished  by  long  continued  moisture,  by  steaming,  and  by  boiling, 
but  not  by  temporary  wetting.  Tlie  tenacity  ^and  therefore  /t)  across  the 
grain  is  far  less  in  pine  wood  than  in  leaf  wood  :  its  ratio  to  the  tenacity 
along  the  grain  varying  for  pine  wood  from  ^^th  to  iV*"^*  *"^  ^^^  ^®*^  wood 
from  ^ih  to  ^th:  it  is  diminished  by  moislure. 

490.  CoRDAGB. — Rope  formed  by  the  warm  register  is  stronger  than 
rope  made  with  the  yarns  cold,  but  is  lesH  pliable,  so  that  cold  registered 
rope  ia  most  suitable  when  the  rope  is  to  be  wound  on  drums  or  passed 
through  ptillies.  Cordage  rapidly  deteriorates  by  use  and  exposure; 
when  passed  round  drums  the  outer  strands  are  most  severely  strnined,  and 
more  so  on  small  drums,  so  that  the  diameter  of  drums  and  pullies  should  be 
made  as  large  as  possible. 

.  Tarred  Ropes  have  only  §  of  the  strength  of  the  same  nntarred. 

in^oml 'll^e"!^^^  }  =  (s^n^i-eircumference  in  inches)^ (S). 

Ultimate  Strength  in  cwts.  =  (  ^  ^  ^^''^^  ^^  ""^f^^  "^  »°^^^^^)'  I   ...  (4). 

*  I  (Knglish  rule).  I         ^  ^ 

2^  tons  per  square  inch  of  sec- 

__..«,  ,    .    .  I  tion  (English  rule), ,_. 

Ultunate  Strength  in  tons  ==<,,,  ^      ^        ...  >  (5). 

2J  tons  per  square  inch  of  sec- 
tion (French  rule),  

491.  Iron  Chains. — Are  made  of  three  principal  kinds,  viz. : — 
(1).     Stud-link,  or  Cable  Chain ;  (2),  Close-link,  or  Crane  Chain;  (3). 

Open-long-link,  or  Buoy  Chain. 

(1).  Stud-linkj  or  Cable  Chctin^  is  that  chiefly  used  for  Ship's  Cables: 
each  link  is  oval  and  has  a  stud  or  stay  across  the  short  diameter  to  keep 
the  link  from  closing  under  great  stress;  the  stud  also  prevents  the  chain 
''kinking."  The  stud  diminishes  the  Ultimate  Tensile  Strength  of  the 
chain,  aa  it  prerents  the  links  closing  and  thereby  taking  the  position 
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iDiMt  faTOrahle  to  rMistftnce  to  great  HtreB><,  (viz.,  nparly  along  tlie  line  of 
■treu,)  but  increasai  tlie  practically  available  Woiking  Strength,  as  tlie 
olonng  or  the  aides  of  the  linka  renders  the  chain  rigid  and  therefore  use- 
Ian.     Fnictare  asnally  occara  at  the  atny  pin. 

(2).  CtoK'Unk,  or  Crane  Chain,  is  that  ordinarily  used  inmai-hinery: 
it  it,  though  liable  to  kinking,  more  flexilile  thnn  stud  cliain.  Fr&t-lure 
generally  occurs  after  the  aideo  of  tlie  links  hnre  closed,  (ec  that  tlie  chtda 
becomes  rigid  and  iiaelesa),  at  the  cronn  of  a  link. 

iS).  Optn~ Long  link,  or  Buo>i  Chain,  is  that  chiefly  u«ed  for  mooring 
pnrponea  where  great  flexibility  is  iinneces^^ary.  Each  link  has  iiHrallel 
ndes  :  thii*  chain  !« lifchter  tbnn  stnd  chain  hy  ihe  omission  of  the  stay  jiins. 

Chains  of  each  sort  are  made  in  15-riitliom  Wgthx  :  Siud-uhain,  and 
Close-link  Chain  have  one  open -lonj^-l ink  at  each  end,  so  ns  to  ailmit  of 
the  15-fMthom  lengtha  being  joined  by  a  shackle.  In  open-long  link 
Chain,  if  one  link  break,  that  link  alone  can  be  replaced  with  the  aid  of 
shackles ;  whereas  if  Stu.l-chain  or  Short-link  Chain  bresk,  a  whole  15- 
faihom  length  must  be  removed,  as  there  is  not  room  to  pass  a  shockle 
throngh  their  links. 

The  Proof  and  Working  Stress- In  tensities  (in  tone  per  if/uare  inrh  nf 
botk  sida  of  the  links)  are  given  below,'  with  other  d«ta  :  it  is  believed 
tliat  ibe  Government  Proof  is  insnffj.iciit.  at  much  chain  is  believed  to  be 
passed  which  is  m.t  much  stronger  than  the  Pro»f  apjilieii.  Tlie  Trinity 
t«Bt  is  more  severe,  and  ri-qiiirea  extremely  good.  ir<>n.  It  is  considered 
that  the  Woikinif  Stress  should  n..t  enceed  one-half  the  Proof  Stress. 
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492.  Masokrt. — The  effective  tensile  strength  of  a  mass  of  Mason- 
rj  6et  in  Mortar  or  Cement  is  clearlj  only  the  least  of  the  three  follow- 
ing. 

(1).     Tensile  Strength  of  the  Stone  or  Brick. 

(2).     Adhesion  of  the  Stone  or  Brit-k  to  the  Mortar  or  Cement. 

(3).     Tensile  Strength  of  the  Mortar  or  Cement. 

With  good  cemi'nt  tliese  three  are  nearly  equal,  hut  with  common  Mor- 
tar, the  Tensile  Strength  of  the  Mortar,  which  is  Terj  small  compared  to 
the  other  two,  determines  the  Tensile  Strength  of  the  Mass  as  very  small, 
BO  small  indeed,  that  in  English  practice  it  is  a  rule  that  **  Structures  set  in 
"  ordinary  mortar  are  not  to  be  exposed  to  any  Tensile  Strain.  " 

493.  Hoop  Tension. — Ht^p  Tension  is  the  tension  pioduced  ia  a 
hoop,  ring,  or  cylinder  by  pressure  from  within^  e.  g.^  in  a  boiler,  in  boiler 
flues,  and  in  water  and  gas  pipes.  The  only  hoop-tension  occurring  in 
Engineering  is  that  produced  by  fluid  pressure,  which  is  of  course  normal 
to  the  Kurfaee  pressed,  (See  Arts.  494  to  497). 

494.  Thin  uni/oitfi  Cylinders, — Notjition — 

p  =  radius  of  curvature  at  weakest  part,  t.  e.,  where  curvature  it 
flattest  (in  inches);  in  a  circle  p  =  radius. 

t  s=  uniform  thickness  (in  inches)  :  ^  -  is  a  small  quantity). 

q  =  bursting  intensity  of  normal  pressure  at  the  weakest  point 
(in  pounds  per  square  inch). 
Then  (from  laws  of  hydrostatics) 

qp  =  Total  IVnsiun  in  pounds  per  inch  (t.  e.,  unit)  of  length  of 
cylinder. 
Also  on  the  approximate  assumption  that  this  tension  is  uniformly  diS" 
tnbuted  through  the  thickness  t. 

ftt  ^=  Uliiniate  Resistance  in  pounds  per  inch  (t.  e.,  unit)  of  length 
of  cylinder. 

.*.  qp=^fit,  whence-  =  |  (6). 

p         j% 

These  equations  gives  the  intensity  of  '^  bursting  pressure"  q  in  pounds 
per  square  inch,  and  the  ratio  of  thickness  to  radius  of  curvature  at 
weakest  point. 

Introducing  the  factors  of  safety,  q  and  f  are  modified  to  the  proof 
or  working  intensities  of  normal  pressure  and  of  tension,  reppeciively. 

It  mnat  be  remembered  that  by  q^  and  -  are  meant  the  intensity  of 
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4Mw€  pressiire,  t.  e.,  excess  of  preBsnre  from  irithiii  above  that  from 
witlioat,  which  latter  is  iu  boilers  and  steam  pipes  asnalljr  the  atmospheric 
preasare,  or  about  14*7  pounds  per  square  inch. 

The  following  are  the  values  of  /%  for  the  qualitj  of  material  usually 
employed  in  resisting  hoop  tension  (on  authority  of  Mr.  Fairbairn),  and 
of  the  factors  of  safety  of  both  Proof  and  Workiug  Loads. 


Wrought-iroh  boilers,  single  rivetted, 

Cast-iron  steam  pipes, 

Cast  iron  water  pipes, 


Yalne  ol 
/» 


84,000 
16,500 
16,500 


Factors  or  Safxtt. 


Ultimate 
i'roof 


2 
3 
8 


Ultimate  _ 
Working  "** 


8 
8 
6 


495.  Thin  Spherical  ShtlU  (e.  g.,  the  ends  of  boilers,  tops  of  steam 
domes). 

-  It  may  be  shown*  that  the  tension  in  a  thin  spherical  shell  is  only  half 
that  in  a  thin  cylindric  shell  under  eqval  pressures. 

It  is  often  convenient  however,  to  make  the  ends  of  steam  boilers,  and 
tops  of  steam  domes  of  same  thickness  as  the  cylindric  portion,  in  which 
case  they  are  unnecessarily  strong :  they  evidently  produce  a  longitudinal 
tension  in  the  cylindric  portion  of  same  amount  as  that  in  their  own 
•urfaces,  t.  e.,  equal  to  one-half  the  <*  hoop-tension '*  in  the  cylinder. 

As  the  cylinders  mnst  be  designed  strong  enough  to  bear  the  hoop- 
tension,  it  is  unnecessary  to  consider  the  longitudinal  tension  (being  the 
smaller)  produced  by  their  ends. 

496.  Thick  hollow  cylinder's, — The  assumption  of  Art.  494  that  the 
Hoop  Tension  is  uniformly  distributed  in  the  case  of  a  thin  hollow  cylin- 
der is  not  even  approximately  true  in  the  case  of  a  thick  hollow  cylinder. 
Equation  (6)  of  Art.  494  gives  the  mean  hoop-tension  in  this  case  as  well 
as  in  that  of  a  thin  hollow  cylinder,  but  it  is  not  the  mean,  but  the  greatest 
hoop-tension  that  is  limited  by  the  tensile  strength  of  the  material.  This 
greatest  tension  occurs  at  the  inner  ring :  its  accurate  investigation*  is 
complex  ;  the  result  is  sufficient  for  this  Manual. 

Let  R,  r  be  the  external  and  internal  radii  (in  iuches), 

*St$  BanUne*!  "Mannal  of  Applied  Mechaniot,"  Arto.S7^}7S. 
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q  the  burstiDg  intensity  of  normal  pressure  in  pounds  per  square  inchi 

Also    ?=    jr|T==^f±p^;  (8). 

These  equations  are  useful  in  the  case  of  Hydraulic  Presses  exposed  to 
serere  fluid  pressure  from  within. 

497.  As  the  hoop-tension  in  a  thick  hollow  cylinder  is  greatest  round 
the  inner  ring,  it  will  obviously  tend  to  economy  of  material  to  construct 
cylinders  of  several  rings,  the  outer  rings  being  shi-unk  on  to  the  inner 
in  such  a  manner  as  to  compress  them. 

Any  fluid  pressure  within,  producing  hoop-tension  in  all  the  rings  will 
then  produce  a  hoop-tenpion  approximating  more  to  uniform-distribution 
than  in  the  ordinary  construction. 

Interesting  applications  of  this  principle  are  seen  in  modem  rifled  gans, 
which  are  made  of  several  coils  of  wrou^ht-iron  bar,  coiled  hot,  so  that  on 
cooling,  each  outer  coil  compresses  the  inner  ones. 

498.  SospenBion  Rod  or  Chain  of  uniform  strength.— In  tie- 
rods  and  chains  of  modei^ate  length  (such  as  hitherto  consideied),  the  weight 
of  the  tie-rod  or  chain  is  quite  an  inappreciable  portion  of  the  Working 
Load,  and  in  the  approximate  results  required  in  Engineering  may  be  omitted 
in  calculation,  {see  Art.  456). 

This  omission  greatly  simplifies  the  formulsB  and  the  calculation.  In 
some  cases,  however,  e.  g.,  the  pump  rods,  and  the  lifiing  chains  and  wire 
ropes  of  deep  fninee,  the  length  of  the  tie  rod  or  chain  is  so  great  as  to 
form  a  very  important  part  of  the  gross  working  load.  It  is  obvious  that 
the  upper  portions  of  the  chain  in  such  a  case,  having  to  support  the  lower, 
are  more  severely  strained  than  the  lower. 

Hence  to  secure  two  objects,  (1)  the  utmost  reduction  of  the  gross  load, 
and  (2)  economy  of  material ;  the  chain  should  have  its  cross  section  every- 
where suited  to  the  stress. 

Such  a  chain  is  called  a  *'  Chain  of  uniform  Strength.*' 
Hence  if  A  =  area  of  croes  section  of  the  chain  ^in  inches),  evidently  a  variable, 

at  a  distance  x  from  the  bottom  (in  inches). 
w  ^  heaviness  of  chaia,  i.  0.,  weight  in  poauds  of  a  cabic  inch. 

Then  w    /  '  Kdz  zs.  Total  Weight  of  chain /rojii  bottom  to  height  «. 
.\W  i-tv/'  Adxss  Total  Working  Load  at  height  *. 
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Bat  "^  .  A  s=  Working  Resistance  at  this  section. 
.•.W  +  i»  /'Adxsll.iL 


(9). 


By  the  Bolation*  of  this  differential  equation,  there  resalts 


W 


A  =  r^^—  .  e 


'  the  required  valae  of  the  area  at  anj  point  (10). 

also  W.\e  —  1/  =  the  weight  of  chain  of  length  x  (11). 

It  is  interesting  to  notice  that  if  the  cross  sectional  area  be  similar,  «tmt- 
larli/  situate  figures  througliout,  the  equation  to  the  coryed  longitudinal 
sections  will  be  of  form  (since  A  oc  y*),  i/  =  be*'^^  which  evidently 
represents  the  logarithmic  curve,  one  of  the  well  known  curves. 

In  actual  practice,  in  cases  {e.  g.,  in  deep  mines  wheu^  the  necessities  of 
diminishing  weight,  and  economizing  material  render  it  advisable  to  con- 
struct a  **  Chain  of  uniform  Strength/*  the  cross  section  is  not  made  to 
vary  continvomly  in  the  manner  indicated,  but  in  a  series  of  divisions 
each  of  uniform  section.  In  this  case,  however,  the  formula)  given  indicate 
approjiimately  the  law  which  the  Scantlings  of  each  division  should  follow. 

Zogarithmie  Curve, 

AM  =  «,  MP  sr  y.  APo  =  b. 

The  carve  P'  Po  P  the  ratio  of  whose  abscissa  t 
=  AM  to  a  fixed  length  a  is  the  ]og«rithni  to  any 
base  m  {m  being  a  positive  nnmber),  of  the  ratio  of 
its  ordinate  y  to  a  fixed  length  6»  i.  0.,  whose  equa- 
tion is  J  sslogm  (^yory  =  Jm*"^'i«  called  the 

"Logarithmic  Carre." 
It  evidently  cats  the  axis  of  y  (Ay)  so  that  APo 
J,  and  +  y  =  MP  increatei  with  +  jr  very  rapidly,  until  y  s  +  00   when  a 
=  -f  «  ;  also  +  y  =  M'P'  deercaaes  slotrly  as  —  ,  (=  AM')  increases  ontil  y  = 
o,  when  «  =  —  oo ,  so  that  the  axis  of  '  (AM')  is  an  asymptote. 


It  is  MwUy  solved  by  difteantistioa. 


CHAPTER    XXIIL 
COMPRESSION. 

490.  Compressive  or  Crashing  Strain,  t.  e,,  CoNntAcnov,  is 
produced  by  external  forces,  viz.,  bj  a  Load  in  the  direction  of  the  Siram 
which  tends  to  compress  or  crush  together  particles  of  the  material  in 
mntaal  contact,  and  produces  Compressive  or  Crushing  Resistance  and 
Stress  between  tliose  particles. 

All  three,  viz.,  the  Load,  the  Strain,  and  the  Stress  are  in  the  same  di- 
rection, yiz.,  perpendicnlar  to  the  surfaces  of  particles  of  the  material 
strained  that  are  in  mutual  contact,  so  that  their  essential  character  is 
normal  to  those  surfaces. 

600.  Theory  indicates  that,  in  homogeneous  material,  under  a  Load 
of  uniform  intensity  per  unit  of  area,  (in  which  case  the  Resultant  of  the 
Load  coincides  with  the  axis  of  figure  of  the  material  strained,)  the  laws 
of  resistance  to  **  direct  compression  "  would  be  exactly  the  same  as  those 
of  resistance  to  direct  tension,  q.  v ,  and  expressible  by  the  same  simple 
algebraical  formula,  viz.,  P  rs^c  •  A,  (Art.  481,  Equation  (2)). 

501.     It  is,  however,  very  important  to  notice  that  the  state  of  Com^ 

pressive  Strain  is  one  of  unstable  equilibrium,  t.  e.,  the  tendency  of  the 

Fig,  4.  external  applied    forces  (or  Load)  is  to  inct^ease  any 

trifling   deviations   produced   by  any  cause  whatever 

after  the  removal   of  that  disturbing  cause :  this  is 

—       sufficiently  evident  from  the  annexed  figure. 

[AB  is  a  vertical  pillar  fixed  at  the  foot  more  or  less  per- 
fectly, and  strained  longitadinally  by  the  weight  W,  If  it  be 
slightly  poshed  oat  of  its  vertical  position  even  temporarily  by 
any  cause,  the  Load  tends  to  make  it  deviate  yet  farther ;  partly 
by  iocreasiDg  the  inclination  of  the  pillar  as  a  whole  to  the  ver- 
tical if  not  originally  immovably  fixed  at  B,  and  partly  by 
bending  of  the  pillar  throaghoat  its  length,  even  after  the  cea- 
^^smmmm      g^^lon  of  the  disturbing  caase.  ] 

Li  practice  it  is  impossible  to  secure  the  exact  co- incidence  of  the  He- 
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sultant  of  the  Load  with  the  axis  of  figure  of  the  btrained  material,  indicated 
as  desirable ;  it  is  nevertheless  very  desirable  to  adjust  the  material,  especi- 
ally in  the  neighbourhood  of  the  joints  or  points  of  application  of  the  exter- 
nal forces,  so  as  to  secure  the  approximate  co-incidence  of  these  two  lines, 
as  otherwise  the  full  powers  of  resistance  of  the  whole  material  cannot  be 
utilized ;  as  will  be  explained  below  (Art.  507  (&)).  But  even  when  this  is 
secured,  it  follows,  in  consequence  of  the  state  of  strain  being  one  of  unsta- 
ble equilibrium,  that  any  temporary  deviation  has  a  tendency  to  increase, 
thus  causing  additional  strain  due  to  flexure  of  the  material,  (t.  e.,  of  a 
different  character,  viz..  Transverse  Strain,)  which  will  moreover  increase 
with  the  length  of  the  material. 

502.  It  follows  that  resistance  to  pressure  is  a  complicated  phenome^ 
non  compared  to  resistance  to  stretching,  and  that  its  laws  probably  can- 
not be  expressed  by  any  verg  simple  formula. 

Experiment  and  practical  experience  abundantly  confirm  this. 

503.  The  results  of  experiment  may  be  thus  summarized. 

Def.  a  piece  of  material  under  compressive  strain  will  be  called 
for  brevity  a  "  Pillar." 

It  appears  (from  experiment)  that  "  Pillars  "  may  for  the  present  pur- 
pose be  classified  as  follows,  according  to  their  manner  of  failure  under 
compression,  or  according  to  the  values  of  the  ratio  I  -r-  d  (for  explana- 
tion of  symbols,  see  Notation,  Art  504),  which  seems  to  determine  their 
mode  of  failure. 

I.  "  Very  short"  Pillars,  (/  -f-  rf  <  1^) :  these  give  way  irregularly. 

II.  "  Short "  Pillars,  {I  -^  d  >  1^  but  <  from  5  to  10) :  these  alone 
give  way  apparently  actually  by  "  direct  crushing  "  of  the  material. 

III.  "  Long  "  Pillars,  (I  ^  d  >  from  5  to  10  but  <  than  in  Class 
IV.)  :  these  give  way  partly  by  "  direct  crushing  "  as  Class  II.,  partly 
by  bending  as  Class  IV. 

IV.  "  Very  long "  Pilhirs,  (I  -i^  d  >  from  16  to  80  when  the  ends 
are  free,  and  >  30  to  60  when  the  ends  are  fixed) :  these  give  way 
by  bending, 

[M  R— The  term  "  direct  crushiDg  "  is  applied  only  to  Class  XL  ;  the  term  "  crash- 
ing by  flexure  "  is  applied  only  to  Classes  III.  and  IV. 

Pillars  will  be  distinguished  for  brevity  in  this  Treatise  simply  as  **  Very  Short  '* 
«  Short,"  "  Long,"  «  Very  Long."] 

The  formulsB  applicable  to  each  case  are  different,  and  must  be  separately 

discussed. 
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504.  Notation.— The  following  notation  will  be  need  tmiformlfi 
(compare  Art.  461). 

I  =  length  of  pillar  (in  inches)  )  both  measured  parallel  to  the  stress^ 
L=:  „  (in  feet)      /  .-.  L  =  Z -h  12. 

A  =  ^ross  area  (in  square  inches)  of  the  least  cross  section  of  the  pilltr 
taken  perpendicular  to  the  stress,  i.  «.,  J_r  to  /  or  L. 

[iV.B. — By  "gross  area"  is  meant  area  of  iolid  material  only,  without  dedactioQ 
for  any  holes,  sach  as  key,  rivet,  or  bolt-holes,  provided  these  holes  have  been  com- 
pletely and  solidly  filled  op  by  solid  keys,  rivets,  or  bolts  of  the  same  qoality  of  ma- 
terial as  the  material  of  the  pillar. 

This  condition  is  nsnally  satisfied  in  practice,  so  that  deduction  for  snch  holes  ia 
seldom  necessary  in  calculation]. 

d  =  least  external  depth  or  width  (in  inches)  of  that  cross  section,  viz.,  of  A. 
[iV.B. — In  a  complex  cross  section,  such  as  is  common  in  iron-work,  d  is  to  be 
taken  as  the  least  width  of  the  least  simple  figure,  (viz.,  triangle,  square,  or  rectangle) 
that  can  be  drawn  round  that  cross  section.    This  is  Rankine's*  rule,  see  Art.  520]. 

t  =  thickness  in  inches  of  a  hollow  pillar. 

P  r=  Breaking  Weight  (in  pounds),  t.  c,  Total  Weight,  distributed  as 

afterwards  described,  that  will  just  break  the  pillar  by  crashing. 

=  Ultimate  Strength,  t.  e.,  Ultimate  Resistance  to  crushing  (from  the 

equilibrium). 
=:  Ultimate  Stress  (by  definition), 

/.  P  -7-  2240  =  the  same  in  tons. 
W  =  Working  Load  (in  pounds),  t. «.,  Total  weight,  distributed  similarly 
to  P,  that  the  Pillar  can  bear  safely, 
=  Working  Strength,  t.  e.,  Working  Resistance  to  crushing  (from  the 

equilibrium). 
=  Working  or  Safe  Stress  (by  definition). 

/.  W  -r  2240  =  the  same  in  tons. 
fc  =  Modulus  of  crushing  of  the  material. 

=  Weight  (in  pounds)  that  will  just  break  by  "  direct  crushing,"  (gee 
Class  II.,)  a  "  short  pillar  "  of  the  same  material  of  one  square 
inch  in  section  (by  definition). 
=  Ultimate  Resistance  to  "  direct  crushing  "  in  pounds  per  square 
inch  (from  the  equilibrium). 

N.B, — fc  is  a  constant  for  each  material  to  be  determined  by  experiment 
A  table  of  its  values  for  common  building  materials  is  given  in  Appendix  IL,  and 
for  Timber  in  Chap.  V.,  Section  I. 
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of  8ire88,  ii  follows  that  the  Strength  of  a  Pillar  is  reduced  by  unequal 

distribution  of  the  Load  in  the  ratio  of  the  mean  intensity  to  the  greatest 

intensity  of  stress.    This  ratio  may  be  fonnd  with  sufficient  accuracy  by 

oonsidering  the  Stress  as  uniformly  varying  (t.  e.,  of  intensity  at  any  point 

in  the  cross-section  A  proportional  to  the  distance  of  that  point  from 

the  "  neutral "  axis  of  the  cross-section). 

Thus  let  x^  =  greatest  deviation  in  inches  of  the  centre  of  pressure  o 

from  the  centre  of  figure  G  of  any  cross-section  A, 

I.e.,  the  greatest   deyiation  of  the  Resultant  of  the 

Load  from  the  axis  of  figure  of  the  pillar. 

*!  =  oG  in  the  figure. 

4  ^1  =  distance  in  inches  of  the  point  of  greatest  stress,  viz., 

^  e^  from  the  axis  of  the  pillar ;  the  point  e  is  found 

!§  i  as  the  point  in  which  Go  cuts  the  boundary  of  the 

cross-section  :  thus  X\  =  Ge. 

I  =  "  Moment  of  inertia"  of  the  cross-section  A  relative  to  its 

neutral  axis  ah  which  is  "  conjugate  "  to  the  line  oG. 

[The  method  of  finding  the  position  of  this  nentral  axis  in  general^ 
and  of  finding  the  value  of  I  relative  to  it  is  beyond  the  scope  of  this 
Treatise.  It  is  fully  explained  in  Uankine's  Manual  of  Applied  Me- 
chanics, Arts.  285  and  95.] 

Then  it  may  be  shown*  that  the  ratio  in  which  the  pillar  is  weakened 
by  unequal  distribution  of  the  Load  is 

Mean  intensity  of  stress    .    /^i  j_         ^i  ^\  /qn 

Maximum  intensity  of  stress  *V  **'     I-/    •••v/' 

The  Breaking  and  Working  Loads^  P  and  W  are  of  course  both  reduced 
in  the  same  proportion,  t.  «.,  {see  Notation,  Art.  504.) 

P=/e.A^    (l  +  Xo.^^)    (4). 

In  order  that  this  formula  may  be  available  without  the  difficulty  of 
finding  the  value  of  I,  and  without  further  reference,  the  yalues  of  the 


X, 


quantity  -4=—  for  some  symmetrical  forms  of  cross  section  of  common 

occurrence  are  here  given. 

In  each  case  the  deviation  (a?o)  is  supposed  to  take  place  along  an  axis  of 
symmetry  of  the  cross-section,  from  which  it  follows  that  the  neutral  axis 

*  See  Rankine's  Manuftl  of  Applied  Mechanicfi,  Art.  38f . 
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18,  in  eacli  case,  that  axis  of  symmetry  which  is  at  right  angles  to  the  de- 
viation Go  :  e.  g.f  in  rectangles  the  neatral  axis  joins  the  middle  points  of 
two  parallel  sides,  in  an  ellipse  it  is  one  axis,  &c. 

For  cases  not  included  in  the  Table,  reference  must  of  course  be  made  to 
some  larger  work,  (f.  g,,  Bankine's,)  to  determine  the  yalae  of  I. 


Crow  •ection. 

Dimendoni. 

Podtion  of  neatral  axis 
±r  to  dcriation  Tq 
pa  won  through  O. 

Value  of  ^ 

Rectangle, 
Square, 

Sides  bt  d, 
Sides  d, 

Parallel  to  6, 
Parallel  to  </, 

6 

Ellipse, 
Circle, 

Axes  df  bf 
Diameter  d. 

The  axis  6, 
A  diameter, 

8 

5* 

Hollow  rectangle, 

External  sides  b,  d, 
Internal  sides  b',  d\ 

Parallel  to  6, 

Hollow  square. 

External  sides  d^ 
Internal  sides  <f , 

Parallel  to  <f, 

6</ 

Circular  ring, 

External  diameter  </, 
Internal  diameter  d\ 

A  diameter. 

M 

d*  -^  d^ 

It  will  be  evident  from  comparing  this  table  with  the  formula  (4),  that 
the  reduction  of  Strength  in  consequence  of  uneqnal  distribution  of  Load 
mat/  be  very  considerable^  and  the  importance  of  adjusting  the  Load,  so  as 
to  be  nearly  unifornilj  distributed  over  the  cross-section  of  Pillar  (in  which 
case  the  Resultant  of  the  Load  and  axis  of  the  Pillar  will  nearly  co-incide) 
will  now  be  evident  {see  also  Ex.  2,  Art.  533). 

It  may  not  always  be  possible  to  effect  this,  but  it  is  very  advisable  in 
large  Masonry  Structures  to  limit  the  deviation  (xo)of  the  centre  of  pressure 
from  the  axis  of  the  Pillar  so  that  there  shall  be  no  tension  in  any  part  of 
the  cross  section  {see  Art.  492).  This  condition  is  attained  when  the 
least  intensity  of  pressure  is  positive  or  zero,  in  which  case  the  greatest 
intensity  of  stress  will  be  not  more  than  tivice  the  mean  intensity,  so  that 
P  not  >  /c  .  A  -T-  2,  from  which  it  follows  (from  equation  4),  that  Xo  is 
not  >  I  -5-  a?j  A,  ilie  reciprocal  of  which  is  tabulated  above. 
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608.  Application  of  formulsB  (2)  and  (4).  Formulas  (2)  or  (4), 
each  combined  with  equation  (1),  give  tlie  Breaking  Weight  (P)  and 
Working  Load  (W)  of  a  "  Short  Pillar "  of  least  cross- sectional  area 
A,  or  conversely  the  least  cross- sectional  area  A  of  a  "  Short  Pillar " 
which  will  just  break  under  a  Load  P,  and  carry  safeli/  a  Working 
Load  W. 

[^NJB. — In  the  latter  (which  is  the  most  nscfnl  application),  care  must  be 
taken  to  ascertain  after  finding  A  that  the  Fillnr  in  question  really  is  a  "  Short 
Pillar,"  i.  e.,  that  l-^d  falls  within  the  prescribed  limiti,  as  the  formnlie  are  otherwise 
quite  inappUcdble], 

Formnla  (2)  is  strictly  applicable  only  when  the  Load  P  or  W  is  uni- 
formly distributed  over  the  least  cross-section  A  taken  perpendicnlar  to 
the  Stress  (in  which  case  of  course  the  Besultant  of  the  Load  and  axis  of 
the  Pillar  co-incide  at  that  section).  In  practice,  however,  if  the  Load  is 
nearly  uniformly  distributed,  the  approximate  co-incidence  (already  pointed 
out  as  so  desirable)  of  these  two  lines  is  secured,  and  the  formula  (2)  is 
sufficiently  accurate  for  practical  purposes, 

[^N.B. — This  is  important,  as  this  formnla  (2)  is  extremely  simple,  whereas  the 
accnrate  formnla  (4)  for  a  load  unequally  distributed  is  complex.] 

609.  Mode  of  Failure  of  "  Short  Pillars."—Different  kinds  of 
material  give  way  by  direct  crushing  in  different  ways  according  to  their 
molecular  structure,  thus — 

(a).     Crushing  by  splitting.  Fig,  6  (a),  into  a  number  of  prismatic  bits, 

Fig,  6.  separated    by    tolerably 

regular  surfaces,  whose 
general  directions  are 
roughly  parallel  to  the 
Stress,  characterises  hard 
homogeneous  substances 
of  a  glassy  texture,  e,  g,^ 
vitrified  bricks. 

(b).  Crushing  by  shearing  or  sliding  of  portions  of  the  blocks  along 
oblique  surfaces  of  separation,  characterises  substances  of  a  granular  tex- 
ture, e.  g.f  cast  metals,  stone,  brick. 

Sometimes  the  sliding  takes  place  at  a  single  plane  surface,  Fig,  6  (b) ; 
sometimes  two  rude  cones  are  formed,  which  in  their  approach  drive  out- 
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wards  a  number  of  wedgc-sbaped  portions  Fig,  6  {fT).  The  enrfmoes  of 
sbearing  make  an  angle  with  the  direction  of  the  Stress  which  varies  with 
the  material,  (e.  ^.,  from  32^  to  42**  for  cast-iron),  showing  that  the  resist- 
ance to  shearing  is  not  a  purely  cohesive  force,  but  consists  partlj  of 
a  force  similar  to  friction,  (which  increases  with  the  intensity  of  nomul 
pressure) ;  for  a  purely  cohesive  force  would  depend  solely  on  the  intensitj 
of  shearing  stress  which  is  known  to  be  greatest*  in  planes  inclined  45^ 
to  the  direct  crushing  stress. 

(c).  Crushing  by  bulging  or  lateral  spreading  characterises  tongh  and 
ductile  materials,  e.  g.,  wrought-iron  and  rolled  metals.  The  bnlging  of 
such  materials  is  so  gradual,  that  it  is  difficult  to  measure  resistance  to 
ibis  form  of  crushing. 

(d).  Crushing  by  buckling  or  crippling  characterises  fibrous  materials 
under  direct  crushing  stress  along  the  fibres ;  it  consists  in  lateral  bending 
and  wrinkling,  and  sometimes  splitting  of  the  fibres. 

Example, — Timber,  wrought-iron  plates,  wronght-iron  bars. 

General  Remarks,  on  the  various  modes  of  failing  by  direct  crushing. 

(a)  and  (6),  Materials  which  are  crushed  directly ,  (a)  by  splitting^  and  (b) 
by  shearing,  resist  crushing  far  better  than  stretching,  (see  the  tables  of 
ultimate  resistance  to  each,)  e.  g,,  in  cast-iron  the  Resistance  to  direct 
crushing,  viz.,  /c  =  6  x  ft  the  Resistance  to  stretching.  Materials  of  these 
two  classes  are  therefore  best  fitted  to  sustain  "  direct  crushing  **  stress; 
it  follows  that  Cast-iron  is  the  best  of  all  common  Building  Materials  for 
use  as  a  "  Short  Pillar." 

(c).  Materials  which  /ail  under  "  direct  crushing"  by  bulging  resist 
stretching  better  than  crushing,  t.  «.,/»  >  f. 

Example.— Jxi  wrought-iron /c  =  f  ./t  to  |/t. 

{d).  Fibrous  materials  which  fail  under  "  direct  crushing  "  by  buckling 
resist  stretching  much  better  than  crushing,  i.  «,,  ft  >  /,  especially 
when  the  lateral  adhesion  of  the  fibres  is  weak  compared  with  their 
tenacity. 

Example. — In  most  dry  timber /c  =  J  of  to  §  of  f, 

510;  Class  III.  "Long  Pillars"  which  fail  partly  by  «  direct  crush- 
ing^* partly  by  "  bending,^'  and 

Class  IV.     "  Very  Long  Pillars  "  which  fail  by  simple  bending. 

Three  classes  of  formulae  known  as  Hodgkinson's,   Rondelet's     and 

•  Bankine'8  ••  Manual  of  Civil  Enprlneoring,"  Art  108. 
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Gordon^s  are  in  common  nse  for  expressing  the  strength  of  snch 
pillars. 

They  are  all  modifications  of  the  simple  formula  (2),  (applicable  only  to 
direct  crushing,)  viz.,  P  =  /c  A,  by  a  factor  depending  on  the  ratio  I  -h  d^ 
expressing  the  physical  law  that  the  Strength  decreases  (in  consequence  of 
the  increased  liability  to  flexure)  as  the  ratio  I  '^  d  increases. 

They  are  as  follows  (For  general  Notation,  su  Art.504 ;  special  sym- 
bols are  explained  below)  in  general  form. 

^Vl^  or  *6S 

Hodgkinson\  P  ^  2240  =  C .  \,.,  ^ ,  ,  (see  Art.  516). 

Bondelefs,  P  =  ifc .  /«  A,  (see  Art.  519). 

Gordon's,  P=/c.A-t-|i  +  c.  (  j)'  }  ,  (see  Art.  620.). 

With  these  should  be  combined  in  each  case  equation  (1),  P  =  sW 
which  connects  the  Breaking  and  Working  Loads. 

JiN.B. — ^P  and  W  are  in  all  these  formnlas  supposed  uniformty  dittrHmted  over  the 
least  cross-sectional  area  A,  taken  perpendicolar  to  the  stress. 

If  the  distribation  of  load  is  nearly  uniform^  the  formnlaa  are  sufficiently  aoourate 
for  practical  purposes.    If  not  nearly  uniform,  F  most  be  reduced  in  the  ratio  indi- 
cated in  equation  (4).    This  of  course  considerably  conaiplicates  calculations,  especi* 
ally  when  the  quantity  to  be  found  is  A]. 

51L     The  following  remarkable  results  of  the  experiments  of  Mr. 

Eaton  Hodgkinson,  (experimentally  verified  for  Cast-iron,  Wrought-iron, 

Steel,  and  Timber,)  require  particular  attention  before  considering  the 

formulce  in  detail ;  yiz.,  that 

*'  The  manner  of  fixing  the  ends  of  a  Pillar  materially  affects  its  power 

of  Resistance  to  crushing,  if  so  long  as  to  be  liable  to  bend". 

The  ordinary  modes  of  fixing  the  ends  of  a  Pillar  are  three,  yiz., 

(1).     Free  at  both  ends. 

(2).    Free  at  one  end,  and  firmly  fixed  at  one  end. 

(3).     Firmly  fixed  at  both  ends. 

1^,3. — A  Pillar  is  considered  fixed  or  free  at  its  extremity  according  as  the  axis 
of  the  Pillar  is,  or  is  not,  immovably  fixed  in  direction  at  that  end. 
£x, — (1).    A  Pillar  rounded  at  one  end  is  free  at  that  end. 

(2).    A  Bar  pivoted  with  one  round  bolt  or  pivot,  («.  y,,  the  compression- ban 

of  a  Warren  Girder)  is  /r«e  at  that  end. 
(3).    A  Pillar  with  a  fiat  end  firmly  bedded  is  fixed  at  that  end. 
(4).    A  Bar  firmly  riveted  with  several  rivets  driven  so  as  to  fully  fill  the 
rivet  holes  is  fixed  at  that  end  (e.  y.,  the  compression-bars  of  a  Lat- 
tice Girder). 
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The  relative  Ultimate  Strengths  of  the  same  Pillar  differently  fixed  as 
(1),  (2),  (3)  VIC?,  supra  have  a  simple  mutual  relation^  different  however 
in  Glasses  III.  and  IV.,  q,  v.: — Tliese  Ultimate  Strengths  may  be  denoted 
by  P„  P„  Pj.     The  results  are  expressed  in  equations  (5j,  (6),  (8),  (9). 

(512.)  Class  III.  "  Long  Pillars "  which  faU  partly  by  "  direct 
crushing,"  partly  by  "  bending." 


Material. 

Both  ends  free. 

Both  ends  fixed. 

Timber  and  Cast-iron,           

Wronght-iioii. ...        ...        •••        ••. 

l^d>    5<15 
?  -J-  <^  >  10  <  30 

l-Td>    o<dO 

The  result  of  Mr.  Hodgkinson's  experiments  on  the  relative  Ultimate 
Strengths  of  "  Long  Pillars"  differently  fixed  are  as  follows  : — 

Ultimate  Strength  (one  end  fixed,  one  end  free)  is  approximately  the 
arithmetic  mean  of  the  Ultimate  Strength  (both  ends  free),  and  Ultimate 
Strength  (both  ends  fixed). 

Ultimate  Strength  (both  ends  free)  =  J  to  f  of  Ultimate  Strength 
(both  ends  fixed),  the  ratio  increasing  from  ^  to  f  as  the  ratio  Z  -£-  d  de- 
creaseSi 

i.  «.,     P,  =  i  (Pi  +  Pj)  approximately (5). 

Pi  =  i  P,  to  f  P, (6). 

No  exact  formula  has  been  given  for  this  last  ratio.     The  above  results 
are  applicable  of  course  to  all  three  principal  formulae  of  Art.  510. 

Hodgkinson's  Formula  for  "  Long  Pillars  "  with  both  ends 
fixed. 

Pc  =  Breaking  Weight  (in  pounds)  calculated  by  formula  (2),  as  if  the 

Pillar  were  a  "  Short  Pillar  "  giving  way  by  **  direct  crushing." 

Pb  =  Breaking  Weight  (in  pounds)  calculated  by  formulas  (10  to  13) 

as  if  the  Pillar  were  a  "  Very  Long  Pillar  "  gi?ing  way  by 

"  bending," 

Then  P,  i.  c,  P,  =  p  ^  #  V    ^^ch  gives  the  result  in  pounds,  (7). 

P      .  P3    _     (Pb -7- 2240)  .  (Fc -T- 2240)  ,    . 

2240>  '•  ^''  2240  ""  (Pb  ^  2240)  -f  J  (Pc  -r  2240J  ^^®^^^  ^  ^^'    — *  C^A). 
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613.  Application  of  formula  (7)  and  (7A)— This  formula  has 
the  great  disadvantage  of  being  strictly  applicable  only  to  the  case  of 
a  Pillar  fixed  at  both  ends,  in  consequence  of  the  relation  between  the 
Ultimate  Strengths  of  the  same  Pillars  dififerentlj  fixed  not  having  beea 
formulated. 

It  has  the  further  disadvantage  of  involving  both  Pb  and  Pc,  thus 
necessitating  two  calculations,  (viz.,  Pb  and  Pc),  when  P  is  the  quantity 
sought,  and  rendering  the  inverse  problem  of  finding  A  or  d  (which  is 
the  usual  one)  nearly  impossible  (except  by  troublesome  approximations) 
owing  to  the  complexity  of  the  equation  in  d  which  would  involve  d'"'*  or 
d*"  and  also  d''^'  or  cT". 

Its  utility  is  further  limited  by  the  limitations  to  the  formula  for  Pb 
(q.  v.)  see  Class  IV. 

514.    Class  IV.    "  Very  Long  Pillars  "  which  fail  by  "  bending. " 


Materials. 

Both  enda  free. 

Both  endA  fixed. 

Timber  and  Cast-iron,           

Wrought-iron  and  Steel,        ... 

/-J-rf>30 

/-7-d>80 

The  result  of  Mr,  Hodgkinson's  experiments  on  the  relative  Ultimate 
Strengths  of  "  Very  Long  Pillars  "  differently  fixed  are  as  follows  : — 

Ultimate  Strength  (free  at  both  ends) :  Ultimate  Strength  (free  at  one 
end,  fixed  at  one  end)  :  Ultimate  Strength  (fixed  at  both  ends)  =s  1:2:3 
approximately,  for  the  same  Pillar. 

Also  Ultimate  Strength  (free  at  both  ends,  length  I)  =  Ultimate 
Strength  (fixed  at  both  ends,  length  2/)  approximately, 

t.  e.,  Pi :  P, :  P,  =  1 :  2  :  8 :  (for  the  same  Pillar), (8). 

P,  (length  =  /)  =  P,  (length  =  20, (9). 

These  results  are  of  course  applicable  to  all  three  principal  formulas  of 
Art.  510. 

\_N,B. — Mr.  Hodgkinson  and  Mr.  Gordon  have  each  given  separate  formnlie  for 
detemiining  P,  and  P,,  the  Ultimate  Strength  of  the  pillar  with  the  ends  both  free  or 
both  fixed,  bat  the  above  simple  relations  render  it  unnecessary  to  commit  more  than 
one  of  each  (preferably  that  for  both  ends  fixed,  viz.,  P,)  to  memory,  which,  as  these 
formoke  (to  be  given  presently)  are  not  very  simple,  is  of  importance]. 
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The  diagram  Fig.  (7)  is  considered  to  afford  some  explsnation  of  the 
relative  Ultimate  Strengths  of  the  same  Pillar  differently  fixed  being  as 
in  equations  (5),  (6),  (8)  and  (9). 

The  cunre  assumed  bj  the  axis  of  each  Pillar  is  dra?m  to  its  left,  b|gh- 


Fig.  7. 


I7  exaggerated  :  the  PiUara 
are  found  to  break  at  their 
points  of  greatest  deflection 
0  in  the  figure ;  thus  a  Pillar 
breaks  in  one,  two  or  three 
places  according  as  its  ends 
are  fixed  as  in  (1),  (2),  or 
(3). 

This  affords  some  expla- 
nation of  equationa  (5),  (6), 
and  (8). 

Further  the  effective 
lengths  of  the  Pillars  as  far 
as  Resistance  to  bending  is 
concerned  are  AB,  Ae,  m 
in  PUlars  (1),  (2),  (8),  le- 
spectirelj:  thus  it  appears 
that  fixing  either  or  both 
ends  of  a  Pillar  diminishes 
its  effective  length,  i .  e.  decreases  the  ratio  I  -r-  d^  and  therefore  increate^ 
its  Strength. 

Also,  in  Pillar  (3)  the  effective  length  ee  is  found  to  be  ^  AB  (by  ex- 
periment).    This  affords  some  explanation  of  equation  (9). 

515.    The  following  results  of  experiment  on  "  Very  Long "  Pillars 
may  be  added. 

(1).    Discs  added  to  the  flat  ends  of  Pillars  (so  as  to  increase  thdr  bear- 
ing) increase  the  Strength  very  slightly. 

(2).     Enlarging  the  cross-sectional  area  of  Pillars  near  the  middle 

adds  about  \\h  to  the  Ultimate  Strength  in  solid  pillars  free  at  both 

ends  (but  does  not  affect  pillars  that  are  either  hollow  or  fixed  at  both  ends). 

(8).     Square  Pillars  yield  in  the  direction  oj  their  diagonals. 

(4).    Pillars  irregularly  fixed  at  the  ends  are  only  as  strong  as  Pillars 

free  at  the  ends. 
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(5)k  Hie  Ultimate  Strength  of  similar  Pillars  is  as  their  least  cross- 
•eetional  area. 

(6).  The  relative  Strengths  of  Pillars  of  different  materials  are  approzi- 
inately  as  follows : — 

Cast  steel  (not  hardened),  25;  Wronght-iron,  17;  Cast-iron,  10; 
Dantzio  Oak,  1 ;  Red  Deal,  |.  ^ 

N,  B.^^TMb  shows  that  Wronght-iron  is  bj  far  the  moat  suitable  common  Building 
^^•f^Mrtmi  for  use  in  the  fonn  of  a  *'  Very  Long  "  Pillar. 

It  has  heen  already  remarked  that  Cast-iron  is  the  most  snitable  for 

^Qfle  in  the  form  of  a  <'  Short  Pillar.  "  Cast-iron  being  a  crystalline  materia1| 

is  ill  salted  to  resist  deflexion,  and  therefore  ill  suited  for  use  as  a  ''  Very 

Long  Pillar"  (see  Art.  525;. 

(7).    A  square  is  the  strongest  form  of  rectangular  cross-sections  of 

equal  area :  this  is  also  evident  from  the  fact  that  the  Strength  increases 

as  the  ratio  I  -^  d  decreases :  among  such  rectangles,  d  (being  the  least 

width)  is  greatest  for  a  square. 

616.    Hodgkinson's  formulae  for  ''Very  Long  Pillars '' — (For 

Notation,  see  Art.  504). 


Material  of,  and  fonn 
of,  PiUar. 

Both  ends  free. 

Both  ends  fixed. 

Formula. 

Out-dran  Solid  Pillart, 
—Uniform  Circnlar  Sec- 
tion. 

^       -U-9    ^''' 
2240                 L'-T 

2240                 L'-T 

(10). 

Oast-iron   EoUon  Pil- 
lart.— Uniform  Circu- 
lar Section,    {(f  =  in- 
ternal diameter). 

P    -l<^    <29-7«-cr7« 

P    -  44-84.  f"--^- 
2240                     L*-' 

2240        '           L»-7 

(H). 

Wrw^ht4ron  Solid  PkT- 
2ar«.— Uniform  Cir- 
cnlar Section. 

^    -42-8.^7 
2240                L» 

^    —  183-76 .  '^^ 
2240                      L« 

02). 

Timber  Solid  Pillars.^ 
Uniform  Bectangnlar 
Section. 

2240            V  L  / 

C  depends  on  the  material. 

(13). 

C  =  10-96  for  Dantzic  Oak,  78  for  Red  Deal, 

6*9  for  French  Oak,  (all  dry). 

As  these  formulae  are  empirical^  special  attention  should  be  paid  to  the 
limiU  oi  their  applicability  as  regards  the  value  of  the  ratio  2  -r  <^i  the 
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form  of  cross-section,  and  manner  of  fixing.  The  yalaes  of  the  conBtant 
C  {set  Art.  510)  in  all  these  formiilcc,  as  given  by  Mr.  Hodgkinson,  gire 
the  Breaking  Woiglit  in  tons :  to  preserve  uniformity  of  notation  in  this 
Treatise,  P  which  is  in  pounds  is  therefore  divided  by  2240  {see  Notation, 
Art.  504). 

The  formulas  are  given  in  the  form  given  by  Mr.  Hodgkinson;  he, 
however,  records  his  opinion*  that  the  quantities  cP"^^  and  cP'**  may  both 
be  replaced  by  cP'^  with  sufficient  accuracy ;  this  is  important,  as  a  table 
of  3'Gth  powers  can  thus  be  used  for  all  the  formulae  for  iron.  Tables 
of  3'6th  and  l'7th  powers  are  given  in  Appendix  II. 

Mr.  Hodgkinson  has  also  recorded  his  opinion  that  in  tncompresstble 
material  the  quantities  cP"^"  and  fP"  would  both  be  cP,  and  L**'  would  be 
L*,  so  that  the  modification  of  the  exponents  of  d  and  L  appears  to  de- 
pend on  the  compressibility  of  the  material. 

617.  These  formula;  contain  no  symbolic  factor  to  suit  different  forms 
of  cross-section,  and  are  therefore  only  directly  applicable  to  the  parti- 
cular cross- section  for  which  the  constant  C  was  determined  bj  experi- 
ment, viz., 

For  cast  and  wrought-iron, Uniform  circular  cross-section. 

For  timber, Uniform  rectangular       „ 

The  following  simple  relations  established  by  experiment  between  the 
Ultimate  Strengths  of  "Very  Long  Pillars"  of  Cast-iron,  enable  these 
formulaB  (10)  to  (13)  to  be  applied  to  two  other  forms  of  cross-section,  viz., 
The  Ultimate  Strength  of  "Very  Long"  solid  Cast-iron  Pillars  of  the 
same  quality^  of  the  same  length  and  of  uniform  cross-section  are  for  the 
following  figures  of  cross-section. 

(a),  if  of  equal  cross-sectional  area,  Circle  :  Square  :   Equilateral 

triangle  =  10  :  93  :  11, (14). 

(J),  \i  of  equal  breadth — Circle  :  Square  =  1  :  1*6 (^5)* 

618.  Application  of  formulse  (10)  to  (13). — These  formulte  have 
the  disadvantage  of  all  empirical  formula?,  i.  e.,  oj  limited  application^ 
viz.,  only  to  a  few  forms  of  cross-section  (stated  in  each  case). 

Those  for  iron  have  the  disadvantage  of  requiring  either  the  direct  cal- 
culation of  the  awkward  quantities  cP"^*  or  cP"  and  L*''  or  of  the  use  of  a 
table  of  such  powers ;  this  renders  the  solution  of  the  inverse  problem 
(the  usual  one)  of  finding  d  and  d!  nearly  impossible  (except  by  a  trouble- 
*  '*  Sxperimeotal  Besewobee  oa  the  (Strength  Ac.,  of  Cast-iron/   1812,  Arts.  89  and  62. 
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Bome  approximation)  in  tho  case  of  a  hollow  Pillar,  (\yliich  on  acconnt  of 
its  great  power  of  resistance  to  **  cnisliing  by  flexure  "  is  a  most  useful 
form),  unless  the  thickness  of  tho  metal  be  very  small  compared  wilh  the 
diameter  d. 

The  Bolation  in  this  case  is  as  follows  : — 

Given  P  and  L  to  determine  d  and  t  (thickness  of  metal  in  inches)  in  the  case  of  a 
•*  Very  Long  Pillar" ^^^i  at  both  ends. 

By  the  formula  JL_  =:  44-34  ? ?_ 

^  2240  J/' 

But  cP**  —  d'^^  =  <?■**  —  (rf  —  20*** 

=  rf»-»  -  (P«  A  -  3-56  X  ^\  nearly, 
=  71  X  t  <f  •** 
by  neglecting  terms  involving  (  —  j  ,  I  ~~  )  » ^^'>  ^^^^^  —  ^^  ^^^  small. 


P  7-1  y  f  rf*** 

=z  44-34  X  - 


(16). 


"2240  "*  '"  L-7 

whence  t  and  d  may  he  determined  if  either  he  given,  or  the  ratio  -j-  he  given. 

Notwithstanding  the  disadvantages  of  these  formulas,  they  are  in  high 
repnte  in  consequence  of  their  representing  the  result  of  a  very  extended 
series  of  experiments  {see  Ex.  4,  5,  Art.  533). 

519.  Classes  III.  and  IV. — Rondelet*s  Formula,  applicable  only 
to  simple  timber  posts.     (For  Notation,  see  Art.  504). 

P  =  A:,  /e  A  (17). 

This  is  purely  an  empirical  formula :  ^  is  a  quantity  varying  with  the 
ratio  /  -f-  cZ:  it  is  given  by  Rondelet*  in  tho  form  of  a  numerical  ratio 
for  several  values  of  the  ratio  2  -7-  ^y  determined  by  experiments  on  square 
Oak  and  Fir  Posts. 


Ratio  I  -e-  d 

12 

24 

1 

36 

48 

60 

72 

Value  of  * 

i 

h 

i 

i 

A 

A 

The  only  merit  of  this  formula  is  its  simplicity  in  application,  especially 
when  P  is  the  quantity  sought. 

*  Bondelet,  **  L'Art  do  B&tir/'  1842,  psfre  983. 
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It  has  tbe  serious  disadvantage  that  the  '<  state  of  fixation  *'  of  the  endf 
of  the  posts  for  which  the  forrunla  was  adopted,  is  nowhere  stated  in 
Sondelet's  Work,  nor  has  this  omission  been  supplied  by  later  writers. 

[From  a  comparison  of  this  formula  with  Grordon's  formula  made  by  the  writer  of 
this  Article,  it  appears  probable  that  the  formula  is  applicable  to  Pillars  with  baik 
endt  fixed,  but  the  agreement  between  the  formulas  is  decidedly  bad]. 

Farther,  when  A  is  the  quantity  sought,  ( the  usual  problem, )  the  for- 
mola  cannot  be  successfully  used  without  a  previous  knowledge  of  the 
ratio  I 'T'  d  which  involves  the  knowledge  of  dj  one  of  the  rerj  elements 
sought,  so  that  in  general  several  trials  must  be  made  with  different  valnes 
of  it,  and  the  ratio  ^  -7-  e2  resulting  from  the  value  of  d  obtained  by  sola- 
tion  of  the  equation  A=P-7-  (^•/o)  compared  with  the  valae  of  k 
actually  used  {su  Ex.  8.  Art.  533). 

On  account  of  these  disadvantages  probably,  it  has  been  left  oat  of 
some  recent  important  Works  on  Engineering. 
520.  Classes  III.  and  lY.— Gordon's  formula  (universally  applicable)* 


P  uniformly  distributed  over  the  area  A 


Both  ends  tree. 

One  end  free,  one  end  fixed. 

Both  ends  fixed. 

p  _          yc  •  A. 

p  —            yc • A 

l>  _       yc  •  A 

'+''G)' 

1  ^^^  /'V 

(18) 

e  =:  -g^  for   cast-iron,  -^^^  for  wrought-iron, 
=  7^  for  dry  timber,  -^  for  stone  and  brick. 


The  simple  relations  in  equations  (8)  and  (9),  q.  v.,  render  it  unnecessary 
to  commit  more  than  one  of  these  to  memory,  (a  matter  of  some  import- 
ance,) but  for  convenience  of  application,  especially  when  A  is  the  quan- 
tity sought  (the  us\ial  problem)  it  is  more  convenient  to  have  them  ready 
to  hand  without  further  reference,  or  reduction. 

This  formula  was  first  proposed  hj  Tredgold*  on  theoretical  grounds ; 
it  fell  into  disuse  probably  in  consequence  of  the  experimental  data  for 

•  **  FracUcal  Eawy  on  the  Strength  of  OaBt-iron,  &c,"  by  Thomas  Tredgold,  4th  Sd.,  1842. 
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determining  Hie  constant  c  being  then  insufficient.  Mr.  Hodgkinson's  for* 
mulas,  (g.  v.,)  derived  from  his  own  extensive  experiments  afterwards  met 
with  nniversal  approbation  for  a  time.  The  confessed  inconveniences  of 
Hodgkinson's  formnlse  led  to  the  revival  of  Tredgold's.  The  value  of 
the  constant  c  was  calculated  by  Mr.  Lewis  Gordon,  from  Hodgkinson^s 
experiments,  and  is  now  known  as  *^  Gordon's  formula."  It  evidently  rests 
now  on  as  good  experimental  evidence  as  Hodgkinson's  own  formulsB,  and 
is  now  generallj  adopted  by  the  profession. 

A  theoretical  proof  of  the  form  of  the  formula  will  be  given  in  the 
Chapter  on  Deflection.    The  formula  is  introduced  here  to  make  this 

Chapter  complete :  it  is  sufficient  to  note  at  present  that  the  term  ^  (  7  )  iB 

that  introduced  by  the  liability  to  flexure  of  a  "  Long  "  or  "  Very  Long  '* 
Pillar,  also  that  the  Strength  evidently  decreases  as  the  ratio  I  -i-  din^ 
creases. 

The  rule  given  for  the  value  of  d  (see  Notation,  Art.  504)  being  taken 
as  the  least  width  of  the  least  simplia  figure  (triangle,  rectangle,  square) 
that  can  be  drawn  round  the  cross-section  A  is  only  approximate,  but  is 
generally  sufficiently  accurate. 

[For  important  cases,  d  should  be  taken  as  the  leoit  radius  of  gyration  of  the  cross- 
section  about  its  centre  of  gravity. 

The  formula  requires  alight  modification  toe  this  purpose,  ris.,  for  f  ^  1   writs 

p 
TKZS'    The  modified  formula  is  given  in  Bankine's  Civil  Engineering,  Arts.  865  and 

866,  together  with  a  table  of  the  values  of  the  least  radii  of  gyration  for  fourteen 
common  forms  of  cross-section.] 


621.  Application  of  Gordon's  formula. — Its  advantages 
(1).  In  consequence  of  itaform  having  been  theoretically  established, 
it  does  not  present  the  discontinuity  of  Hodgkinson's  and  Rondelet's 
formulas,  nor  is  it  limited  in  its  application  to  the  particular  forms  of  cross- 
section  experimented  on ;  in  fact  its  range  of  application  is  very  great, 
viz.,  to  "  Long,"  and  "  Very  Long  "  Pillars,  (and  even  to  "  Short "  Pil- 
lars, for  when  the  ratio  I  ^  d  ia  small,  the  formula  merges  into  that  for 
**  Short  Pillars,"  viz.,  P  =yc  •  A),  and  of  almost  any  form  of  cross-section* 
(2).  It  is  easy  of  application  compared  to  Hodgkinson's  formulie,  as  it 
requires  only  a  table  of  squares  for  its  rapid  use,  especially  when  P  or  W 
are  the  quantities  sought. 
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(3).  It  has  the  disadTantage  when  A  is  the  qnantitj  sought  (tii# 
most  HBefal  problem)  that,  if  A  be  definitely  expreflsible  in  terma  of  d 
(as  is  osnal  in  simple  cross-sections,  e,  g.,  sqnares,  circles,  &c.)  a  quadratic 
with  inconvenient  nnmerical  co-efficients  results  for  determining  d.  Still 
this  can  always  be  solred  («ee  Ex.  3,  4,  5,  Art.  533.) 

If  however  A  be  not  definitely  expressible  in  terms  of  d^  (as  is  the  case 
in  any  cross-section  but  the  simplest,)  e.  g.,  in  rectangles  an  additional  term 
b  is  inyoWed,  and  especially  in  wronght-iron  work  in  which  two  additional 
terms  b  and  t  are  asnally  inyolved,)  the  problem  is  indeterminate,  t.  e.,  there 
are  more  unknown  quantities,  (viz.,  b,  d ;  or  b,  d,  t)  than  equations,  and  it 
may  require  several  trials  before  a  satisfactory  solution  can  be  obtained. 
There  being  then  more  unknown  quantities  than  equations,  either  some  re- 
lations must  be  assumed  between  them,  or  the  values  of  some  of  them  most  be 
provisionally  ctssumed  such  as  experience  dictates.  The  most  convenient 
method  is  that  which  avoids  the  difficulty  of  solving  the  quadratic,  (if 
many  such  calculations  have  to  be  performed,  this  is  a  practical  hint  of 
importance),  by  first  assuming  the  value  of  J  to  be  some  quantity  as  ex- 
perience dictates ;  if  there  be  still  two  unknown  quantities,  viz.,  b  and  if 
one  of  them  can  be  assumed  at  pleasure  (noting  that  b  cannot  be  <  d  by 
hypothesis).     On  solving  the  equation  two  defects  may  arise. 

(a).  Jit  has  been  the  quantity  assumed,  b  may  result  <  dj  which  would 
make  the  formula  inapplicable. 

(b).  If  b  has  been  the  quantity  assumed,  t  may  turn  out  to  be  a  thidc- 
ness  too  great,  or  toosmall  for  practical  convenience.  In  either  case  the 
formula  must  be  tried  again  with  different  assumptions :  a  few  trials  will 
give  a  satisfactory  result.     (See  Ex.  6  for  practical  exemplification). 

522.  Best  Form  of  Pillar.— It  has  been  explained  that  it  is  pos- 
sible to  utilize  the  full  power  of  resistance  to  "  direct  crushing  "  of  the 
whole  of  the  material  only  m  the  case  of  a  "  Short  Pillar,"  and  that  the 
Strength  of  a  Pillar  decreases  as  the  ratio  I  -i-  d  increases.  Economy  of 
material,  and  therefore  usually  the  best  form  of  Pillar,  are  attained  by  ar- 
ranging the  material  so  that  d  may  have  the  greatest  value  for  a  Pillar  of 
given  length  I,  that  practical  considerations  admit  of,  and  that,  if  possible, 
the  Pillar  may  be  a  «  Short  PUlar."  Obviously,  therefore,  a  solid  Pillar 
is  theoretically  wasteful  of  material.  Referring  to  the  safe  limits  of  work- 
ing load  intensity  given  in  Art.  504,  it  is  seen  that  Solid  Pillars  of  one 
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sqnare  in  thdr  least  section,  will  carry  Working  Loads  uniformly 

distribnted  as  follows  :-^ 

Timber,    ••        ••        ••        Ws:  1000 lbs.,       if / not >  10 Inches. 

Cast-iron W  =  10  tons,         if  /  not  >  5  inches. 

WroQght-iron,     •  •        .  •        W  =  5}  tons,         if  I  not  >  10  inches. 
It  has  been  already  explained  that  of  solid  "  Pillars  "  of  equal  area 

the  Square  is  the  strongest  form  of  rectangle,  also  that  the  Ultimate 

Strengths  of  the  following  simple  solid  cross-sections  of  equal  area  are 

approximately  as, 

Circle:  Square  :  Equilateral  Triangle  =  10 :  9-3  :  11 (14) 

The  best  forms  of  complex,  and  hollow  cross-sections  will  be  considered 
separately  for  each  material,  as  considerations  of  cost  of,  and  facility  of, 
construction  greatly  modify  the  forms  suited  to  different  materials,  e,  g.j 

(1).     Solid  cross-sections  are  economical  in  Stone,  Brick  and  Timber. 

(2).  Hollow  cross-sections  are  economical  in  metals,  yiz.,  of  curved 
outline  in  cast  metal,  and  of  flat  outlines  with  sharp  angles,  in 
rolled  metals. 

It  has  also  been  explained  that  it  is  possible  to  utilize  the  full  power 
of  resistance  to  ''  direct  crushing  "  of  the  whole  of  the  material,  only  when 
the  Load  is  uniformly  distribnted  orer  the  area  of  even/  cross-section. 
It  follows  that  economy  of  material  is  secured  by  making  ''  Pillars  "  of 
uniform  cross-section. 

Further  it  has  been  shown  that  economy  of  material  is  secured  in  the 
case  of ''  Long  "  and  ''  Very  Long  Pillars  "  by  firmly  fixing  the  ends. 

It  appears  then  that  economy  of  material  is  in  general  secured, 

(1)»     By  adjusting  the  joints  or  points  of  application  of  the  Load,  so 
that  the  stress  may  be  uniformly  distributed. 

(2).    By  making  "  Pillars  "  of  uniform  cross-section. 

(8).    In  "  Long  "  or  "  Very  Long  Pillars  "  by  firmly  fixing  the  ends. 

(4).     By  so  arranging  the  form  of  cross-section  that  the  Pillar  may  if 
possible,  be  a  "  Short  Pillar  ". 

623.     Materials. — The  materials  usually  subjected  to  crushing  strain 


(1)  In  Building :  Stone,  Brick,  Cement,  Concrete,  Mortar ;  Cast-iron, 
Wrought-iron ;  Timber. 

(2)  In  Manufactures :  Cast  Metals ;  Wrought-iron ;  Steel. 

The  following  is  an  epitome  of  their  principal  properties  with  reference 
to  crushing  strain. 
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624.  Stone,  Brick,  Cement,  Concrete. — These  all  resist  cmshiiig 
stress  well  and  other  stresses  badly,  and  are  in  consequence  seldom  used  ex- 
cept to  sustain  crushing  stress.  Their  properties  are  fully  described  under 
Building  Materials.     It  may  be  here  noted. 

(1).  Laminated  stones  resist  pressure  perpendicular  to  their  laminae 
better  than  in  other  directions,  and  should  therefore  generally  be  set  with 
their  laminie  or  quarry  beds  perpendiculartothe  line  of  pressure,  (i.e.yiiBiiaI]j 
horizontal).     The  values  of  /« tabulated,  are  for  this  direction. 

(2).     Of  stones  of  one  kind,  the  heaviest  is  generally  the  strongest. 

(3).  The  strongest  stones  are  Basalts,  Primary  Limestones,  and  Slates. 
Sandstones  vary  greatly  in  strength  according  to  their  molecular  steuo- 
ture. 

(4).  The  hardest  stones  and  some  sandstones,  alone  give  way  to  crush- 
ing suddenly. 

Other  Stones  and  also  Bricks,  begin  to  crack  and  split  under  a  load 
varying  from  \  of  the  crushing  load  upwards.  Stone  generally  yields  by 
shearing.    {See  Class  II.  "  Mode  of  Failure,  "  Art.  509,  (b)). 

(5).  Experiments  on  the  Strength  of  stone  have  hitherto  been  generally 
made  on  cubes,  (t.  e.,  ''  Very  Short  Pillars,"}  so  that  the  tabulated  values 
of  yi  are  generally  too  high.  Experiments  on  "  Short  Pillars  "  {q.  v.)  are 
desirable.  For  important  structures  the  best  course  is  not  to  trust  to 
books,  but  to  ascertain  the  value  of  /«  for  the  stone  chosen  by  direct  ex- 
periment on  "  Short  Pillars. " 

(6).  The  division  of  a  column  into  horizontal  courses  each  of  which  is 
a  monolithj  well  dressed  and  bedded  does  not  sensibly*  diminish  its  resis- 
tance  to  crushing,  but  vertical  jointing  does  diminish  that  resistance. 

(7).  In  consequence  of  the  expense  of  cutting,  solid  sections  are  the 
only  economical  ones  :  the  actual  Crushing  Strength  of  these  materials  is 
seldom  worked  up  to :  architectural  and  economical  considerations  gene- 
rally fix  the  outline  of ''  Pillars  "  of  these  materials. 

525.     Cast-iron. 

(1).  Its  resistance  to  "  direct  crushing"  is  very  high  and  is  about  6 
times  its  tenacity  in  consequence  of  its  crystalline  stnicture :  (i.  «.,  f^  r= 
6/t),  so  that  it  is  well  suited  to  resist  "  direct  crushing"  stress,  t.  €., 
for  use  as  a  "  Short  Pillar. "     (Compare  Art.  509). 

•  Morin,  **  Beeistaiice  dos  Mat^rUoz,  *'  pag«  76. 
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(2).  Bat  its  Resistance  to  bending  is  small,  becanse  its  Modnlas  of 
Hasticity  (Et)  is  comparatiFelj  low,  so  that  it  is  not  well  suited  for  nse  as 
a  "  Long  "  or  "  Very  Long  "  Pillar. 

(8).  Remeltiiig  improres  its  strength,  e.  g.,  18  meltings  hare  been 
fi>and  (by  Mr.  Fairbaim)  to  double*  the  strength. 

(4).  Intense  cold  makes  it  brittle  :  rapid  changes  of  temperature  cause 
it  to  split  sometimes. 

(5).  Thin  castings  hare  a  higher  resistance  to  "  direct  crushing  *'  per 
unit  of  area  than  thick. 

(6).  The  surface  of  thin  castings  is  stronger  than  the  heart :  in  thick 
castings  the  Strength  does  not  sensibly  vary. 

(7).  A  slight  inequality  in  thickness  of  hollow  Pillars  does  not  im  * 
pair  their  Strength  much. 

(8).  The  ''  best  form  "  for  Cast-Iron  Pillars  appears  to  be  that  of  a 
hollow  circular  cylinder :  the  thickness  is  seldom  made  less  than  ^  of  the 
diameter,!  u  «.,  i,  not  <  ^  d. 

(9).  Cross  and  Channel  Cast-iron  '*  Pillars  "  are  weak :  for  the  best 
form  of  solid  section,  see  equation  (14). 

626.    Wbouoht-iron. 

(1).  Its  tenacity  is  very  high,  and  is  about  1|  times  its  resistance  to 
^*  direct  crushing,'*  t .  e,,  Jt  =  about  ^  fc.  It  is  well  suited  to  resist 
"direct  crushing,"  t.  «.,  for  use  as  a  "  Short  Pillar." 

(2).  In  consequence  of  its  tenacity  and  resistance  to  "  direct  crush- 
ing "  being  both  high,  it  resists  flexure  well,  and  is  well  suited  for  use  as 
a  "  Long  "  or  "  Very  Long  "  Pillar. 

(8).  '^  Long  "  Tubular  Pillars  of  square  section  (consisting  of  four  equal 
plate  irons  riveted  to  equal  angle  irons  at  the  comers)  fail,  when  I  not 

>  lb  dto20  df  and  t  not  <  oq-  1^7  '' buckling,"  not  hy  crushing,  under  a 
Breaking  Load  of 

27,000  lbs.  or  12  tons  per  square  inch  of  iron  if  single. 

86,000  tt>s.  or  16  tons  „  „  side  by  side. 

<<  Long  "  Tubular  Pillars  of  circular  section  86,000  ibs. 

The  Resistance  to  "  buckling"  increases  with  the  ratio  ^ ,  but  no  formula 
has  been  given. 

•  Bankiiie*B  "  Ciyll  Engineering, "  6th  Ed.,.  Art.  8«8. 
f  BanUne's  "  CivU  Engineering,"  Cth  Ed.,  Art.  866. 
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(4).    The  stiffest  fonn  of  <<  Long  Pillar  "  is  that  of  a  cell^  t .  e.,  m  baHt 
tube  which  may  be  cylindric,  rectangular,  or  triangular. 

There  are  practical  difficulties  in  the  way  of  making  up  small  cylindrio 
tubes ;  the  figures  show  a  built  rectangular  cell,  Fig,  8  (a)^  and  a  trian- 
gular cell  Fig.  8  (b)  suited  for  the  compression  flange,  {see  Chapter  on 
Transrerse  Strain)  of  a  Girder.  Small  cells,  t.  «.,  cells  of  small  area, 
present  practical  inconyeniences  in  the  impossibility  of  painting  their  in- 
terior surfaces  properly  originally,  so  as  to  protect  them  from  expoaare, 
and  of  obtaining  access  to  them  afterwards  to  examine  the  state  of  their 
interiors. 

A  cell  should  be  at  least  big  enough  to  admit  of  passage  of  a  boj  to 
work  inside,  t.  «.,  at  least  80  inches  wide  and  high. 

A  very  conyenient  form  of  cross-section  is  that  of  a  built  up  St.  Andrew's 
Cross.  Thus  it  may  be  built  of  two  *f~^^^9»  ^^  ^^  ^^^^  angle-irons  riyei- 
ed  back  to  back,  or  of  flat  plates  (two  or  more)  united  by  four  angle- 
irons,  {see  Fig.  8,  (c),  (d),  (e). 

Fig.  8. 
(a).  (b).  (c).  id). 
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(5).  To  insure  the  stiffness  of  a  built  pillar  or 
strut,  the  bars  of  which  it  is  built  should  break  joint 
when  in  seyeral  lengths.  (The  compression  flange 
of  a  girder  is  a  good  example  of  such  a  case). 
1^  The  abutting  of  successiye  leugtbs  against  each 
other  should  be  equable,  and  perpendicular  to  the 
lengths :  to  insure  this,  eyery  bar  should  haye  dean 
plane  ends :  this  is  best  arranged  by  a  pair  of  parol" 
let  circular  saws  on  a  common  axis,  set  at  a  distance  equal  to  intended 
length  of  bar :  a  bar  placed  parallel  to  the  axis  of  the  saws,  and  moyed 
against  them  has  its  two  ends  cut  at  once  into  parallef  planes,  perpendi- 
cular to  its  length. 


r 


COMPRESSION. 


496 


(6)*  In  consequence  of  the  difficulty  of  fastening  the  ends  of  single 
■ogle-irons,  and  single  T-irons,  otherwise  than  by  riveting  the  angle-irons 
bj  one  arm,  and  the  T-irong  by  the  head,  in  which  case  the  Resultant  of 
the  Stress  clearly  lies  at  the  greatest  possible  distance  from  the  axis  of  the 
Pillar,  and  therefore  produces  the  greatest  possible  amount  of  flexure, 
single  angle-irons,  and  single  T-irons  are  quite  unsuited  for  use  as  "  Pil- 
lan,  **  and  especially  as  "  Long  "  or  "  Very  Long  Pillars. "  From  ex- 
periments made  at  the  Crumlin  Works,  it  appears  that  the  reduction  in 
strength  of  some  of  the  following  forms  of  rolled  iron  due  to  riveting 
by  one  flange  only  is  very  great,  as  may  be  seen  from  the  following 
Table* :— 


Siie. 

BRRAKIKO  WEIGHT  IN  TONS. 

HMtnmrVa. 

Shape. 

Load  nniform   | 
overcrotBHBection.l 

Load  applied  at 
one  flange. 

Ang^e-iions,     •■ 

8"  X  8"  X  *• 

18f 

m 

^-iron,            •• 
CSiannel-ixon,  .. 

8'  X  8*  X  f  • 

8*  X  H'  X  r 

2H 
171 

181 
14-1 

il^jr.^Lengths  not 
mentioned. 

CSroBs^iroD,       •  • 

8*  X  24*  X  f  • 

lT-1 

16-6 

It  will  be  observed  that  the  reduction  in  strength  is  greatest  in  the 
angle  irons,  as  might  have  been  anticipated. 

Although  the  use  of  angle-irons  riveted  in  this  manner  is  evidently 
very  unfavorable  to  economy  of  material^  nevertheless  it  may  often  happen 
that,  in  consequence  of  the  comparative  cheapness  of  angle-iron,  and  the 
great  ease  (and  therefore  cheapness)  of  riveting  by  only  one  arm,  it  will  be 
the  cheapest  mode  available.  Whenever  its  cheapness  renders  its  use  in 
this  manner  advisable,  the  great  reduction  of  strength  must  be  remem- 
bered in  designing  the  area  of  metal  necessary. 

Unfortunately  no  formula,  accurate  or  approximate,  is  extant  for  this 
purpose:  an  accurate  formula  would  probably  be  more  complex  than 
formula  (4),  q.  v.  (in  which  the  bending  action  of  the  load  is  introduced), 
as  both  Bending  and  Twisting  actions  occur  in  angle-iron  loaded  as  pro- 
posed. 

The  extremely  unfavorable  mode  of  applying  the  load,  viz.,  by  riveting 
by  only  one  flange,  may  however  often  be  avoided,  even  when  angle-irons 

*  Unwin'f  LectniM  in  1871 "  On  the  Co&ftrnction  of  Wronght-iron  Bridget, "  ChaUuun. 
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mnd  T-irons  are  used  ts  "  PillAra,*'  by  nsing^  them  in  pain,  plactng  fboB 
one  on  each  aide  of  the  bar  from  which  the  crashing  stress  is  to  be  traoa- 
ferred  to  them,  and  fixing  them  at  that  distance  apart  throng-hoat  their 
length  bj  *'  filliog-pieces  "  at  inter?a]8.  Although  the  Stress  cannot  be 
said  to  be  uniformly  distributed  bj  this  arrangement,  the  Resoltant  SticM 
is  brought  to  more  nearly  co-incide  with  the  axis  of  figure  of  the  compoimd 
Btrat,  so  that  the  Bending  and  Twisting  actions  on  the  compound  Strut 
are  nearly  got  rid  of.  Instances  of  this  arrangement  will  be  ^ven  in  the 
Bracing  of  Iron  Roofs.     (See  Ex.  8,  Chapter  XXV.) 

527.  Timber. — In  consequence  of  variations  in  the  molecular  stme- 
ture,  the  Strength  is  different  in  different  directions. 

(1).  The  Strength  is  much  greatest  in  the  direction  of  the  fhre^  io 
that  Timber  subjected  to  crushing  strain,  should  wheneyer  possible,  be  set 
80  that  the  Stress  may  be  parallel  to  the  fibres. 

(2).  Resistance  to  crashing  depends  to  a  great  extent  on  the  lateral 
adhesion  of  the  fibres.  Moisture  in  the  timber  reduces  this  lateral  ad- 
hesion, and  reduces  thereby  the  crushing  strength  to  one-half  of  that  of 
dry  timber. 

(8).  The  Crashing  Strength  of  dry  timber  yaries  from  ^  to  f  of  its 
tenacity,  f.  e.,/e  =  ^./t  to  f /»• 

(4).  The  recorded  yalues  of  /«  are,  when  not  otherwise  stated,  to  bo 
always  understood  as  referring  to  the  Crashing  Strength  of  dry  timber 
parallel  to  the  fibres. 

(5).  Crashing  across  the  grain  takes  place  by  a  sort  of  shearing  or 
slidins^ ;  experiments  on  timber  loaded  in  this  manner  show  that  it  is  ao/ 
nearly  so  favorable  a  manner  of  loading :  no  definite  laws  have  been  dis- 
covered. 

(6).  In  consequence  of  the  expense  of  cutting  wood,  solid  sections  are 
in  practice  the  only  economical  sections  for  timber,  {see  Art.  522). 

628.  Strength  of  Timber  Piles.— Piles  are  generally  loaded  by  a 
pressure  in  the  direction  of  their  lengthy  and  are  therefore  '^  Pillars,"  and 
their  Strength  is  to  be  estimated  according  to  the  principles  of  this  Chapter, 
with  the  following  modifications: — 

(1).  Files  driven  till  they  reach  firm  ground.  The  imbedded  and  pro- 
jecting portions  should  be  separately  considered. 

(a).  The  imbedded  portion. — This  receives  so  much  lateral  snpport 
from  the  ground  into  which  it  is  driven,  that  it  is  not  liable  to  flexure, 
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and  its  Strength  may  be  fairly  estimated  as  for  a  <<  Short  Pillar ''  (disre- 
garding the  length  imbedded). 

(b).  The  projecting  portion. — This  portion  shonld  be  treated  as  a  Pillar 
fixed  at  one  end  only. 

Working  Load. — The  factor  of  safety  may  be  taken  as  5,  but  the 
Strength  of  wet  timber  being  =£  ^  Strength  of  dry  timber,  there  results, 

Intensity  of  Working  Load  for  Piles  driven  to  firm  ground,  and  wholly 
imbedded,  or  nearly  so,  s=  i/c-r*  =  /c  -f-  10  =  1000  ibs.  per  square 
inch  on  the  average. 

(2).  Piles  standing  in  soft  ground  by  friction.*^lt  is  impossible  to 
utilize  the  full  powers  of  resistance  of  such  piles  to  **  direct  crushing". 
Their  safe  Working  Load  depends  chiejly  on  the  Resistance  of  the  soil,  and 
not  on  their  Strength. 

Working  Load  Inttnsitffp  ( (Bondelet's  Rule)*  =  427  to  498  lbs.  per  square  inch, 
from  practical  examples.      (  (Rankine's  Rale)t  s=  200  lbs.  per  square  inch. 

In  any  case  (1)  or  (2)  it  is  considered  advisable  that  the  least  breadth 
of  a  Pile  should  not  be  less  than  l-20th  of  the  length,  to  enable  them 
to  take  up  the  blows  of  the  ram  used  in  driving  without  undue  flexure. 

(3).    For  the  theory  of  Pile-driving,  see  Chapter  XXIY.,  Art.  555. 

529.    Crushing  and  Collapsing  of  Tubes  under  normal  pressure. 

(1).  Thin  cylinders, — When  a  thin  hollow  cylinder  or  tube  is  pressed 
normally  from  without,  it  gives  way  by  *^  collapsing"  under  a  pressure 
whose  law  is  expressed  as  follows:^  for  circular  sections. 

Intensity  of  Ultimate  Resistance  to  collapsing  q  ex  <*'*'  -7-  Id,  or 
s-^a-tf  ^  Zd  =y!2  -s-  W  (approximately) (19) 

Here  I  =  length  of  tube,  or  length  between  its  strengthening  bands. 

For  plate  iron  flues  with  butt  joints  /  =:  9,672,000  ibs. 

For  an  elliptic  section  (2a,  25,  the  axes),  for  d  in  above  formulsd,  sub- 
stitute twice  the  radius  of  curvature  where  the  tube  is  weakest,  t.  e.,  flattest 

2a* 

in  curvature,  t.  e.,  write  -7-  for  <2. 

N.B. — ^These  mles  are  deriyed  from  experiment,  and  are  only  approximate. 
(2^. — Thick  cylinders. — When  a  thick  hollow  cylinder  is  pressed  nor- 
mally from  without,  {e.  g.,  as  by  fluid  pressure),  there  is  a  circumferential 
thrust  round  it  whose  greatest  intensity  takes  place  at  the  inner  surface. 

•  Morizi «  B^dfltanoe  dis  UaiMaax,"  iwge  71. 

t  BanUne'B  "  Mannal  of  OItII  Bngineerlng,"  6th  Bd.,  Art.  409. 

t  FairlMdm's  **  Uwfal  InfonnaUon  tot  BDfiiieen,"  Sod  Seriei. 
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Let  By  r  be  the  external  and  internal  radii  (in  indies)  ci  Qtm  ejlmim 
(sapposed  circolar). — 
q  ^  intensity  (in  poonds  per  square  inch)  of  the  nomud  pi 
from  without,  that  will  crush  the  cylinder. 
s=  ultimate  normal  intensity  of  pressure. 
^  =3  intensity  (in  poonds  per  square  inch)  of  the  normal 
Jrom  within, 

Ihen  •  (/;  +  ^  -  ^).  R«  =  (/.  -  ^  r» (»> 

In  designing  a  tube  it  should  be  made  strong  enough  to  resist  the 
external  pressure  eren  if  not  partially  reliered  by  the  internal, 
taking  ^  =  o,  it  follows  that 


These  equations  give  the  ratio  -^  of  internal  to  external  mdins  of  a 

thick  tube,  that  will  just  gire  way  by  '<  direct  crushing  ^  at  the  irmer  sorfree 
under  an  external  normal  pressure  of  intensity  q,  or  will  safel  j  bear  a 
Working  normal  pressure  of  intensity  q-r-  Sf  And  are  found  to  ^Te  satis- 
factory results  for  thick  cylinders. 

They  are  spplicable  to  water  pipes  laid  under  water  or  deep  in  the  soiL 

530,  Wei^t  of  Pillar  itselfl— The  Weight  of  the  Pillar  itself 
when  it  farms  a  part  of  the  whole  crushing  Load  on  the  Pillar,  (which  will 
always  be  the  case  when  the  Pillar  is  not  horizontal,)  should  in  strictness 
be  included  in  the  gross  Load,  whether  Breaking,  Proof,  or  Working.  It  u, 
however,  important  to  notice,  that  unless  the  Pillar  be  of  great  length,  its 
own  Weight  will  often  in  practice  (especially  in  Timber  and  Iron  work)  in 
Engineering  be  so  small  a  fraction  of  the  whole  Load,  that  it  may  be  neg- 
lected. 

The  only  ordinary  case  in  which  it  becomes  necessary  (in  practice)  to 
consider  the  weight  of  the  Pillar  itself,  is  in  lo/ty  masonry  structures,  espe- 
cially Towers  and  Piers. 

63L  PUlar  of  ^  Uniform  Strength.''— A  Pillar  of  uniform  strength 
under  direct  compression  alone,  (t. «.,  not  liable  to  bending),  should  be  de- 
signed (mutatis  mutandis,  t. «.,  changing  f  to  fe,  &c,)  on  the  principles  in 
Art.  498,  q,  V.    It  is,  howcTcr,  hardly  ever  necessary  in  practical  Engineer- 

•  B«iikiiie*f  Applied  Mechanics,  Art.  287. 
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Big  to  design  Pillars  of  **  ITnifonn  Strength.''  Professor  Banldne  has  re- 
cently BDggested  the  adyisabilitj  of  designing  very  lofty  masonry  dams,  so 
•B  to  be  of  Uniform  Strength,  but  as  these  dams  are  necessarily  subject  to 
severe  Transyerse  Strain,  their  consideration  is  deferred,  {see  also  Art.  449). 

Practical  Solittion  of  Pboblems  on  Compressiok. 

632.  The  Problems  which  occur  in  practice  are  of  two  kinds-— 
(1).    Direct. — GKvm  A,  I,  d^fe^  «,  to  find  P  and  W, 

(2).    Ihdirbgt. — Owen  P  or  W,  /e,  8,  Z,  to  find  A  and  d. 

633.  The  Direct  Problem. — Given  A,  I,  d,  /c,  «,  to  find  P  and  W. 
The  solution  of  this  problem  is  comparatirely  simple. 

(lit).  Consider  the  value  of  the  ratio  I  -^  d  which  determines  the 
daas  of  Pillar,  viz,,  "Very  Short,"  "  Short,"  "Long,"  or  "Very  Long," 
(gee  Art.  508). 

(2nd).  If  of  Glass  m.  or  IV.,  consider  the  state  of  fixation  of  the 
ends  which  has  an  important  influence  on  the  Strength  (see  Art.  511). 
It  n  a  matter  of  choice  which  formula  (Hodgkinson's,  Rondelet's,  or 
Gordon's)  shall  be  adopted,  (Art.  510). 

(Srd).  Consider  the  distribution  of  the  load,  as  unequal  distribution 
lias  an  important  influence  on  the  Strength  {see  Arts.  501  and  507  (bj). 

The  application  of  these  principles  is  so  simple,  that  no  numerical  ex- 
amples seem  necessary. 

634.  The  IimiREOT  Problem.— G«»w  P  or  W,  /,  /c,  s  and  the  form 
of  cross  section^  to  find  A  and  L 

This  is  by  far  the  most  useful  problem,  but  it  is  also  the  most  difficult. 
The  difficulty  consists  in  the  ratio  2  -^  d  which  determines  the  Class  of 
Pillar  not  being  known  h  priori. 

(1).  Express,  if  possible,  A  in  terms  of  d :  this 'can  often  be  done  in 
eimple  forms  of  cross  section  as  in  wood-work,  and  sometimes  in  iron- 
work. Consider  the  distribution  of  the  load— Apply  formulae  (2)  or  (4) 
for  "  Short  Pillars  "  according  as  the  load  is  uniformly  or  unequally  dis- 
tributed. If  the  value  of  d  resulting  make  the  ratio  Z  -f-  d  fall  within 
the  limits  for  "  Short  Pillars,"  the  solution  is  correct,  but  not  othermse. 

(2).  If  from  the  last  trial  it  appears  that  the  Pillar  falls  under  Class 
m.  or  IV. ;  consider  the  state  of  fixation  of  the  ends.  There  is  now  a 
choice  between  three  formulaB  (Hodgkinson's,  Rondelet*s,  and  Gordon's). 

(a).    Sondekt's  is  the  most  easily  applied  (applicable  only  to  simple 
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croas-sectioiis  in  timber),  bot  as  k  most  be  tssnmed  bj  goess  woik,  it 
jDMj  hare  to  be  seTerml  times  applied  before  a  correct  result  caa  W 
obtained  {iee  Art  519,  and  Ex.  3). 

(b).  HodgkinsoiCi  soils  well  enough  for  solid  HUan  of  nnifomi  led* 
angular,  circolar,  or  triangular  section  (tee  hints  on  its  mpplicatioo,  Aite. 
513  and  518,  and  Ex.  4,  5). 

(c).  Gordon's,  is  the  onl  j  one  applicable  to  any  cross  sectioii,  so  that 
in  wronght-iron  work  in  which  complex  cross-sections  are  used  to  eooss- 
mise  material  it  is  rerj  nsefol  (see  hints  on  its  i^plicstion.  Art.  521). 

633.  Here  follow  six  Examples  worked  out  to  iUnstrmte  the  i^^Bca- 
tion  of  the  formols  in  this  Chapter. 


Example  1.— Working  Load  (W)  =  12,000  lbs.  =  5^  ions, 
formlf^  diitributed.  Find  the  least  hreadth  (d)  of  Solid  «  Short  POkr' 
required,  and  also  the  limit  of  length  as  a  *'  Short  Pillar  *^  in  the  follow- 
ing cases: — 

(1),  Square  Teak  Pillar;    (2),  Round  Cast-iron  Pillar;  (3),  Bound 
Wrought-iron  Pillar. 

Solution  .—A  =  P  ^  /e  =  «W  -f-  /c,  or  A  =  ^  -T-  *e. 

(1).    Sqmare  Teak  PiBar.— /c  =  12000,  #  =  10,  iP  =  A 

.-.  d  =  VA  =  V*W-7-/e  =  VlO  X  12000 -M2000  =  ^10^=  3^  i 


Alflo  limit  of  Length  as  "Short  PilUr"  is  2  not  >  lOtf,  i.  <f.,  not  >  S3i  indMiu 
(2).    Round  Cast-iron  PiUar.—fc  =  112,000,  #  =  6,  «c  =  10,  ^  ^T  =  A. 


.•.rf=    /IT=   /i*W^/c=/i.6x  12,000^112,000=/ li-«i. 

crthnB,rfyiA=yt-^-*c=yix^-10=yi5  =  .83i^ 

Alflo  limit  of  Length  as  *^  Short  Pillar  "  is  /  not  >  Sd^  I  e,,  not  >  4*3  inches. 
(3).    Bound  WroughtAron  PiUar.—fc  =  40,000,  t  =  4,  «e  =  54,  ^  <i«  ss'jL 


^        /*     A        y*      w   .    #•        /*      ^X  12000        /24 

/r~.  /4     W     .  /4    75    .   ^^      10     /8 

orthu8,rf=y-.A=:y-.j5j5^#c=y-.jj-^6-5  =  _y-.sljin. 

Also  Limit  of  Length  as  "  Short  Pillar  "  ia  I  not  >  lOd,  i,  e.,  not  >  12  inches. 
Bemark.^'It  will  now  be  eyident  that  it  is  practically  conyenient  to 
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«Be  the  oo-efBdent/e  -f  «  or  «« according  as  W  is  expressed  in  pounds  or 
tons. 

Example  2.— Working  load  (W)  ==  12000  lbs  =:  5^  tons,  distribn- 
ted  so  that  its  resnltant  deviates  ^-ih  of  least  breadth  from  the  centre  of 
figure  of  the  least  section  (t.  e,,  a?o  =  ^  -^  6)  along  that  least  breadth. 
Knd  the  least  breadth  {d)  of  "  Short  Pillar  "  required,  and  also  the  limit 
of  length  as  a  *'  Short  Pillar"  in  the  following  cases : — 

(1),  Square  Teak  Pillar;  (2),  Round  Cast-iron  Pillar;  (8),  Round 
Wrought-iron  Pillar. 

Sohaian.'^A  =  P  .  (l  +a?..  ^)  -h  /.  =  «W.(l  +a?o.^)^/.. 

Also  in  square  pillars  ^  s  j,  (^  =  A. 

And  in  round  pillars  ^^  =  ^  ,  j-  cP  =  A. 
(1).    Sguare  Teak  PiUar.-^fc  =  12000,  $  =  10. 

.•.<J«  V»w(l  +  ^.  |)-^/c=/2#W^/c  =  ^/fo  =  Clinches. 

Also  limit  of  length  as  <'  Short  Pillar"  is  Z  not  >  lOd^  i.  e,,  not  >  45  inches. 
(2).    J2<wnrf  «w*-tr(m  Pi/tor.-/c  =  112000,  #  =  6, 

/.il==yj.*W.(l+l.i)^/c=y|.i*W4./c=y|  =  lJ  inches. 

Also  limit  of  Length  as  **  Short  Pillar  "  is  2  not  >  &f  t.  e.,  not  >  6}  inches. 
(8).    Bound  WroughUron  Pillar3.—fc  =  40000, »  =  4. 


Also  limit  of  Length  as  «  Short  Pillar  "  is  /  not  >  lOd,  t.  e,,  not  >  19  inches. 

Bemark. — ^The  effect  of  unequal  distribution  of  the  load  m  diminiahing 
the  Strength  of  the  Pillar,  and  thereby  necessitating  a  greater  sectional 
area  (A),  to  bear  the  same  Working  Load  will  be  evident  from  comparing 
Examples  1  and  2. 

The  solutions  just  given  are  of  course  applicable  only  to  "  Short  Pillars^'^ 
t.  e,j  when  Z  -7-  ^  does  not  exceed  the  limits  mentioned. 

The  following  examples  will  illustrate  the  difficulties  of  application  of 
the  formulsB  for  **  Long  "  and  "Very  Long "  Pillars. 

Example  8.— Workmg  Load  (W)  =   12,000  I)s.  =  5^  tons  uni- 


502  COMPBE88IOH. 

formly  difltribated.    Find  tJie  Ucut  breadth  (d)  of  a  Solid  Sqaaie  Teak 
Pillar  of  length  (L)  =  16  kei  fixed  at  both  ends  required. 

SoUiion :— It  will  be  found  (hj  actual  trial,  see  Example  1),  that  this  Pillar  ii 
not  a  "  Short  Pillar,"  so  that  the  formula  for  <<  Long  "  and  *<  Very  Long  "  Pillm 
most  be  naed.  iVLS. — ^The  constant  C  of  Hodgkinson's  Formula  not  haring  been  de- 
tennined  for  Indian  Woods,  his  formola  cannot  now  be  used,   /c  :=  12000,  s  ^  10. 

By  JRondelefs  Jormuia^-'A  =  P  -:-(*.  /c)  =  *W  -r-  (*  ./c),  rf»  =  A. 

The  ratio  2  -^  J,  on  whicb  k  depends,  not  being  known  d  priori,  the  valne  of  t 
be  assigned  by  gueu  work.    The  limit  of  length  for  a  **  Short "  Pillar  being  (4 
ample  1),  about  83  inches,  the  ratio  l-^dia  eyidentlj  large  in  the  present 

Assume  Ar  =  }  provinonaUy,    Then 

d^^A=z  V*W  -7-  C4r/c)  =  VlO  X  12000 -r-(ix  12000)  =  v^30  =s  5|  ii 


Hence  2  -7-  <l  =  12  L  -h  <{  =  192  -^  5'5  =:  35  :  the  value  of  k  corresponding  to  this 
is  I  (^tee  Table),  the  value  chosen,  so  that  the  solution  is  conrect  Bnt  this  aooop- 
dance  might  not  have  been  attained  without  several  trials. 

By  Gordon** formtUa.'^W  =  F=fc.A'T'  |l  X  c.  (-^J*  j  ,e  =  g^,  A  =  il» 
.-.  10  X  12000  X   {1  +  2B0  ^  (12x  16)«j  _  ^2^  ^^ 

d^-^KkP^  192«  -^  25  =  1474-56,  whence  <^  =  6-6  inches. 

Remark, — The  quadratic  presented  in  this  case  is  easier  of  Bolotion 
than  would  conunonly  occur.  The  discrepancy  between  the  result  and  that 
given  by  Rondelet's  formula  should  be  noticed.  It  is  probably  due  to  the 
uncertainty  (alluded  to  in  Art.  519)  in  using  Rondelet's  formula^  which 
contains  no  factor  depending  on  the  state  of  ''  fixation  of  the  ends." 
Gordon's  formula  is,  on  account  of  its  greater  precision,  to  be  preferred. 

Example  4. — Working  Load  (W)  =.  12000  lbs.  =  S-j^  tons  uni/ormfy 
distributed.  Find  the  least  breadth  (cT;  of  Solid  Bound  Cast-iron  Pillar 
of  length  (It)  =  16  feet,  fixed  at  both  ends. 

Solution  : — ^It  will  be  found  (by  actual  trial,  iee  Ex.  1),  that  this  Pillar  is  not  a 
"  Short  PiUar,"  ao  that  the  formul»,for  "Very  Long  Pillars"  must  be  tried.  /«  = 
112000,  #  =  5. 

By  Hodgkimon'i  formula  for  «  Very  Long  Pillar $:*'~(JE<{,  (10),  Art  616). 

cP**  =    Z-      lill  =    *^        ill  =  5   X  15    16^*^    «    875  X  16'-^ 
2240  *  44-16       2240  '  4416  14    4416  "       618'24 

Hence  d=z^  inches.  As  /  4-  rf  =s  12  L  -r-  <*  7  80,  the  Pillar  is  a  «  Very  Long 
PiQar/'  and  the  eolation  is  correct. 
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/.  5  X  12000  X    {l  +   8^  •  ^^^'^^]  =  ^12000  x  -~<P 
16  1^+188-24  1  =  22  rfS  whence  iJ*-i|<P=   ^  X  188-24 

.••  <P  =  jj-  V  812,  whence  d  =  8 1^  inches. 

Example  5. — Working  Load  (W)  =  12,000  ft>8.  =  5^^  tons  uniformly 
distributed.  Find  the  least  breadth  (d)  of  Solid  Square  Wrought-iron 
Pillar  of  length  (L)  =  16  feet,/ree  at  both  ends. 

Solution  : — It  will  be  fonnd  (bj  actual  trial,  See  Ex.  ])  that  this  Pillar  is  not  a 
"  Short  Pillar/'  so  that  the  formola  for  *<  Very  Long  Pillars,"  most  be  tried.  /.  s 
40000, «  =:  4. 

By  BodgkinsoiCt  formula  for  "  Very  Long  Pillars  "  (Eq.  (12),  Art.  616). 

Bat  the  Strengths  (P)  of  Circular  and  Square  Pillars  of  same  breadth  (d)  are 
as  1  :  1-6  (Equation  16). 

_  J_    jtW_       L»    _  4  X  76         16*  _ 
—   1-6,  '  2240  *   42-8  ""  16  X  14  ^  428  "" 

whence  </  =  8|  inches.    As  /  -r-  <2  =  12  L  -7-  (f  =  60,  the  pillar  is  a  «  Very  Long 
Pillar,"  and  the  solndon  is  correct. 

By  Gordon*s/ormula,^$W:=^T  =:fcA--^{l  +  c .^•L^j^^c^-^ 

•••^  ><  ^^^{^  +  8^- ^^^^V'^^ 
£j*  —  •6<r«  s=  7-3728,  whence  (P  ss '3  ±  v' 7-4628.    Hence  d  =s  8  inches. 

Example  6.— Working  Load  (W)  =  1200  fibs  =  ^  tons  uniformly 
distributed.  Find  the  size  of  Angle-Iron  requisite  as  a  Pillar  of  length 
(L)  =  16  feet^ee^  at  both  ends. 

Solution : — ^As  there  are  three  qoantities  to  be  determined,  viz.,  the  lengths  of  the  two 
arms,  and  their  thickness  (0,  the  problem  is  indeterminate  in  any  case  (whatever  be 
the  Class  of  Pillar),  unless  two  relations  be  assigned  between  them.    (^See  Art  621). 

Assome  (1)  that  the  angle  iron  has  equal  arms  each  of  length  =  b.  Assume  (2) 
that  the  thickness  (0  is  so  small  that  t^  may  be  neglected,  (as  is  the  case  in  practice). 

Hence  A  =  2btf  and  (f  =  6  -^  ^^  J  nearly  (being  see  Notation,  the  least  breadth  of  dr- 
cnmscribing  triangle).    Assume  (8)  a  provisional  value  for  b,  (e.  ff.fbss2  inches). 
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Then  A  sa  S&f  as  4t,  and  il  =  ft  4-  s/2'=  ^/2T 

Also  2  -^  <l  =  12L  ^  <{  >  100,  the  PiUar  ia  a  *<  Very  Long  Pillar. "  Hodgkinaon'a 
formala  cannot  be  need  as  it  contains  no  factor  to  salt  it  to  an  angle-iron  section. 
Gordon's  formnla  alone  can  be  nsed.  The  object  of  assigning  a  protniioruU  yalne  to  h 
instead  of  to  ^  was  (»ee  Art  521),  that  d  might  be  provUionaUy  fixed,  and  the  equation 
for  solnttoQ  (Gordon's  formula),  which  wonld  be  qoadratic  in  d^  thns  reduced  to  a 
9%mpU  equation  in  ^  (a  material  saving  in  calcnlation). 

By  Gord4m'9/armftke.^iW  =  P  =/c  A .  ^  ( 1  +  o.  (  j)'\ ,  <?  =  g^.  ^==«• 
.^  4  X1200  x  \^  +  Mo'^^^  V^^'}  =*<^^x*' 

•••*  =  i^^  l^+St  = -21*  inches,  or  say  i  inch. 

Remark, — As  the  resalting  size,  viz.,  2"  x  2"  x  ^^  is  an  ordinary  sise 
of  Angle  Iron,  the  solation  is  a  practical  one :  bat  this  resalt  might  not 
hare  been  attained  without  several  trials  {see  Art.  521),  e.g.<i  t  might  hare 
turned  out  either  so  great  or  so  email  that  practical  considerations  woold 
render  snch  a  solation  useless :  in  such  a  case,  a  fresh  provisional  yalue 
must  be  assigned  to  6,  and  the  formala  tried  again. 

The  term  "  proYisional  value "  will  now  be  understood  as  meaning  a 
value  to  be  considered  dependent  on  the  solution  being  satisfiactory  as 
far  as  practical  considerations  are  concerned. 

{N.B, — Further  Examples  of  application  of  Gordon's  formula  to  X  *  ^^^^^  *nd 
J  L.-(doiible  angle-)  iron  aectioDS  will  be  found  at  end  of  Ex.  8,  Chapter  XXV.] 


ADDENDUM  TO  CHAPTERS  XXIl.  ahd  XXIII. 


Tension  and  Compression. 

534.  A  fitting  sequel  to  the  Chapters  in  which  the  states  of  Tension 
and  Compression  are  considered  separately  in  detail,  will  be  to  compare 
and  contrast  them.  The  following  is  a  brief  statement  of  results  from 
Chapters  XXIL  and  XXIII  :— 

(1).  The  Load,  Strain,  Rbsistanob,  Stress  are  direct  in  action,  t.  e., 
normal  to  the  surfaces  of  particles  in  mutual  contaot|  and  mutually 
parallel  to  one  another. 

(2).  A  state  of  Tension  is  one  of  stable  equilibrium ;  a  state  of  Com- 
pression is  one  of  unstable  equilibrium. 

(3).  Resistance  to  Tension  is  a  comparatively  simple,  and  Resistance 
to  Crushing  a  comparatively  complex  phenomenon. 

(4).  The  laws  of  Resistance  to  uniformly  distributed  Load  or  Stress 
are  in  both  cases  expressible  by  the  same  algebraic  formula— 

P  =/t .  A  or  P  =  /o .  A  (2) 

(provided  the  material  under  crushing  strain  be  of  class  termed  a  "  Short 
Pillar  "  in  Chapter  III.,  q.  v,). 

(5).  The  full  powers  of  Resistance  of  the  iohoU  of  the  material  under 
strain  cannot  be  utilized  in  either  case,  unless  the  Load  or  Stress  be 
uniformly  distributed. 

Cor. — Material  should  if^possible  be  so  arranged,  that  the  Load  or 
Stress  may  be  approximately  uniformly  distributed  over  its  cross-sec- 
tional area. 

(6).  Material  under  crushing  strain  in  form  of  a  ''  Long  Pillar  "  is 
liable  to  additional  strain  from  flexure,  and  the  Strength  of  '*  Long 
Pillars  *'  decreases  rapidly  with  the  increase  of  the  ratio  I  :  d  (length  to 
least  breadth  of  cross  section). 
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(7).  Unequal  distribution  of  Load  or  Stress  is  extremely  dlsadran^ 
tageous  in  material  exposed  to  crushing. 

(8).  Fibrous  and  Ductile  Materials  are  best  suited  to  resist  Tensile 
Strain.  {Example. — Wrought-iron,  Rolled  and  Drawn-metals,  Cordage, 
Timber). 

Crystalline,  Semi-Crystalline  and  non-Fibrous  Materials  are  best  suited 
to  resist  *'  direct"  Crushing  Strain.  {Example, — Cast-iron,  Stone,  Brick) 
in  form  of  "  Short  Pillars." 

Wrought-iron  is  best  suited  to  resist  crushing  complicated  by  bending 
as  in  "  Long  Pillars." 

(9).  Timber  resists  Stretching  better  than  Crushing,  and  resists  both 
parallel  to  its  fibres  much  better  than  across;  its  Strength  (especiallj 
Crushing  Strength^  is  much  reduced  by  moisture. 

535.  Combinatdaii  of  Oast-iron  and  Wrought-iron. — As  Cast- 
iron  resists  '*  direct"  crushing  strain  in  '^  Short  Pillars  "  mach  better  than 
Wrought-iron,  and  as  Wrought-iron  resists  tensile  strain  much  better 
than  Cast-iron,  as  may  be  seen  by  c(Mnparing  the  ralues  of  the  constants 
(Arts.  481  and  504)  for  each. 

Cast-iron,  ...  «t  =  li  tons  ;    ^e  ==   1^  tons'!  .    , 

Wroaght-iron,    •••  »t  =    7  tons  ;    «e  =  5*6  tons  j  ^  ^ 

it  might  be  supposed  that  in  a  Structure  exposed  in  parts  to  Tensile,  in 
parts  to  Crushing,  Strains,  a  combination  of  Cast  and  Wrought-iron  would 
be  most  economical,  viz.,  by  the  use  of  Cast-iron  to  resist  the  "  direct " 
Crushing  Stresses,  and  of  Wrought-iron  to  resist  the  Tensile  Stresses. 

Such  a  combination  has  been  frequently  tried,  but  has  been  found  very 
defective  in  consequence  of  the  contraction  in  the  Cast-iron  being  much 
greater  than  the  simultaneous  elongation  in  the  Wrought-iron  as  may  be 
seen  by  comparing  their  Moduli  of  Elasticity,  thus  {see  Chapter  XXIY). 

Cast-iron,  Ec  =  17  million  lbs. ;  Wrought-iron,  Et  =  29  million  lbs,, 
SO  that  the  Cast-iron  portions,  by  their  greater  yielding,  suflfer  an  undue 
portion  of  the  Load  to  fall  on  the  Wrought-iton,  from  which  it  conunonly 
happens  that  the  Wrought-iron  is  strained  beyond  its  elastic  limit  {see 
Arts.  538  and  539)  long  before  the  full  power  of  Resistance  of  the  Cast- 
iron  has  been  called  out.  This  has  been  amply  proved  by  the  experimentA 
jof  Mr.  W.  Fairbairn.* 

«  Fairbairn's  *'  Application  of  Cast  and  Wrought-iron  to  Building  Porposcs,"  1864. 


CHAPTER    XXIV. 
STIFFNESS,  ELASTICITY,  SET. 

536,  Stiffiiess  or  Rigidity.— j?^'eftfy  or  Stiffness  is  the  property  of 
a  solid  body  of  resisting  Strain  (of  alteration  of  figure),  which  the  action 
of  load  tends  to  prodace.  It  may  be  measured  by  the  ratio  of  intensity 
of  Stress  of  a  particular  kind  to  the  intensity  of  Strain  produced. 

Fliabilility  is  the  property  of  a  solid  body  of  yielding  to  strain  :  it  is 
therefore  conyerse  to  Stiffness,  and  may  be  measured  by  the  reciprocal  of  the 
measure  or  Modulus  of  Stiffness* 

Thus  Modulus  of  Stiffness  =  Stress-intensity -7-  Strain-intensity  ...(1). 
Modulus  of  Pliability  =  Strain-intensity  -f-  Stress-intensity  ...(2). 

It  is  a  remarkable  thing  that  in  most  Building  Materials  the  value  of 
this  ratio  is  approximately  constant  ti^tVAm  the  limits  of  the  proof  stress. 

No  bodies  in  nature  are  perfectly  rigid,  t.  e.,  able  to  bear  Load  without 
any  strain  or  alteration  of  figure,  but  many  Building  Materials  are  ap- 
proximately rigid  under  small  loads,  t.  e.,  yield  insensibly,  «.^.,  Hard  Stone, 
and  Hard  Brick. 

No  5oZt(i  bodies  in  nature  are  perfectly  "pliMe:  most  liquids  approximate 
to  perfect  lateral  pliability,  and  most  gases  when  not  near  their  point  of 
liquefaction  approximate  to  perfect  pliability. 

537.  Elasticity  is  the  property  of  recovery  of  figure  when  the  stress 
(causing  the  strain  or  alteration  of  figure)  ceases. 

Set  is  the  permanent  residual  strain,  or  alteration  of  figure,  after  the 
cessation  of  the  stress  or  straining  force. 

Elasticity  is  said  to  be  "  perfect "  or  "  imperfect "  according  as  the  re- 
covery of  figure  after  the  cessation  of  the  stress  is  complete  or  incomplete, 
1.  e.,  according  as  there  is  no  Set  or  Set. 

No  solid  body  has  quite  "  perfect "  Elasticity,  i.  e.,  a  sh'ght  Set  is  pro- 
duced by  the  action  of  any  Load  however  smalL 
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[This  has  ]been  ascertained  by  the  experiments  of  Mr.  Hodgkiiuon  and  FroL  W. 
Thomson  :  it  may  also  be  inferred  from  the  principle  of  **  Consenration  of  Energy," 
(Art  475,)  from  which  it  appears  that,  in  consequence  of  some  of  the  **  Work  "  done 
by  a  Load  in  straining  any  material  being  converted  into  Heat,  which  is  lost  bj ; 
tion  and  conduction  onder  all  ordinary  circumstances,  a  portion  of  the  enei^gy 
cated  to  the  material  is  in  general  <*  dissipated,"  so  that  on  the  remoral  of  the  Load 
the  remaining  (i,  e.,  Potential)  Energy  of  the  material  is  not  quite  snfficieiit  to  oooi- 
pletely  restore  its  figure]. 

Nevertheless  the  Elasticity  of  many  solid  bodies  {including  Btulding 
Materials)  is  approximately  perfect  within  the  limits  of  the  Proof  Strass, 
and  is  ''  sensibly  perfect "  practically  unthin  the  limits  of  any  Stress  (not 
exceeding  the  proof  stress)  which  has  been  previously  applied  and  produced 
its  set.  This  result  (of  experiment)  is  very  important  in  Cnginaerii^, 
and  should  receive  the  careful  attention  of  the  Stadent. 

638.  Limit  of  Elastioity.— The  limit  of  Strain  or  Stress  within 
which  elasticity  is  ''  sensibly  perfect "  is  called  the  Elastic  Limit  or  ^*  Limit 
of  Elasticity."  This  limit  is  important  because  experience  shows  that  the 
Besistance  of  materials  to  stress  or  strain  exceeding  that  limit  is  irregular 
and  not  easily  calculable,  and  that  their  Strength  is  permanently  impoMt 
by  such  Stress  or  Strain. 

539.  Working  Stress  or  StraixL — It  is,  therefore,  an  accepted  dio- 
tum  in  Engineering  that  the  Proof  Stress  and  Strain  should  not  exceed 
the  elastic  limit,  and  a  fortiori  the  "  Working  Stress  and  Strain  must  in- 
variably be  confined  within  that  limit." 

640.  Co-effioients  of  Elasticity. — It  has  been  proved,  by  Oreeo, 
that  there  are  21  independent  co-efficients  of  elasticity  of  an  elastic  heter* 
ogeneous  solid  strained  in  any  manner  :  in  a  perfectly  homogeneous  ("iso* 
tropic  ")  solid,  these  reduce  to  two,  viz. : — 

(1).  Co-efficient  of  Direct  EUisticity,  t.  e.,  of  Resistance  to  Direct 
Longitudinal  Stress  (viz.,  Extension  and  Compression). 

(2)  Co-efficient  of  Transverse  Elasticity^  t.  e.,  of  Resistance  to  Tangeo* 
tial  Stress  (viz.,  Shearing  or  Distortion). 

Building  Materials,  though  not  "  isotropic,**  are  practically  snffidently 
approximately  homogeneous  to  admit  of  consideration  of  these  two  co-effi- 
oients only :  the  former  is  by  far  the  more  important  in  Engineering. 

541.  Hooke's  Law  and  Modulus  of  Elasticity. — The  Modulus 
(t.  d..  Measure)  of  Elasticity  of  any  kind  is  the  value  of  the  Measure  of 
Stiffness  (Eq.  (1),  Art.  536)  of  that  kind  within  the  elastic  limit,  i.  e., 
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when  the  elasticity  is  sensibly  perfect  It  is  found  by  experiment  that 
within  this  limit  this  quantity  is  sensibly  constant  for  Bailding  Materials : 
it  is  usually  denoted  by  E.     Hence 

«  Modulus  of  Elasticity  *'  ==  '*  Stress-intensity  -r  Strain  intensity  '* 

=  E (3). 

(MB. — ^E  is  a  Constant  quantity  for  each  stress,  e.  ^.,  stretching,  emshing,  trans- 
verse, shearing,  &c.,  for  each  Material). 

Result  (3)  may  be  expressed  in  this  form, "  Stress  oc  Strain  ",  or  "  Stress 
'Ms  proportional  to  Strain"  (within  the  elastic  limit):  this  was  originally 
expressed  '^  ut  tensio  sic  yis",  and  is  known  as  *'  Hooke's  Law  of  Elas- 
ticity." 

N,B. — ^It  is  particularly  to  be  obserred  that  this  law  is  approximately  tme  for 
Bailding  Materials,  only  within  the  *  elastie  limit ',  i.  ^.,  it  is  true  only  as  a  **  first 
approximation,"  still  it  is  very  remarkable  that  it  should  be  really  a  good  approxima- 
tion for  most  Bailding  Materials*  for  all  kinds  of  load  application,  (t.  e.,  Direct  or 
Transverse)  np  to  the  limit  of  Strain  or  Stress  by  which  their  Strength  \& permanently 
injured  (Art.  588). 

The  simplicity  of  this  law,  viz.,  <<  Stress  oc  Strain  "  has  a  most  import- 
ant bearing  on  Applied  Mechanics :  indeed  the  modem  treatment  of  Ap- 
plied Mechanics,  t.  e.,  Engineering  calculation  (especially  in  the  Higher 
Branches)  depends  entirely  en  this  law.  This  must  be  carefully  borne 
in  mind  by  the  Student. 

542.  Notation, — In  this  Treatise  the  Modulus  of  Elasticity  of  a  par- 
ticular kind  will  be  denoted  by  E  with  a  subscript  letter  indicating  the 
kind  of  stress,  thus : — 

Et  =  Modulus  of  direct  tensile  elasticity. 

Eo  =  Modulus  of  direct  compressive  elasticity. 

Ed  r=  Co-efficient  of  deflexional  elasticity  under  Transverse  Load. 

Et  =  Modulus  of  Transverse  (tangential,  t.  «.,  shearing)  elasticity. 

p    ^  Intensity  of  stress  of  a  given  kind  (in  pounds  per  square  inch). 

I     zz  Length  of  a  piece  of  unstrained  material  (in  inches.) 

X  n  Longitudinal  strain,  t.  e.j  contraction  or  elongation  of  I  under  the 
stress. 

V  =  Measure  of  distortion^  i.  e.,  Shearing  Strain-intensity  (Art  468). 
s=  Cotan.  of  angle  of  distorted  prism,  square  when  unstrained. 

9    =a  Set  produced  by  longitudinal  stress  of  intensity  p. 

*  Osafe-iron  aeeiM  to  form  a  wmarkabte  enoBptixm  to  thto  Law,  <t<  Art.  X8. 
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643.    Tensile  and  Compressive  Elasticity  (Et  and  Ec). — Tension  and 
Compression  being  both  ''  direct  *'  in  action,  t.  e,  (see  Chapters  11.  and  IIL), 
producing  strains  parallel  to  the  external  applied  forces  (or  loads),  the 
algebraic  expression  of  Hooke's  Law,  Eq<  (3),  is  the  same  for  both. 
Thns  X  being  the  2'otal  strain  or  alteration  of  length  /,  it  follows  that 
"  Strain-intensity "  =  X  -i-  I  in  each  case,      \  .^^ 

t.  e.f  whether  elongation  or  contraction,  J 

Hence  from  Eq.  (3),  |SSlJ=  xh  " 

mm  aconstant  for  the  material  =  "Modnlusof  Elasticity,"  ^ • (5). 

/.  r-?72  or  ^ .  Z  =  Et,  or  Ec  (as  the  case  may  be) 

t.  e,,  according  as|i  is  a  tensile  or  compressive  BtresB,  provided  it  be  within 
the  elastic  limit, 

544.  Equation  (5)  famishes  the  following  remarkable  physical  inter- 
pretation of  the  meaning  of  Et  and  Ec,  viz., 

Et  or  Ec  =  i?,  if  X  =  Z    (6). 

t.  e.y  the  Modulus  of  direct  longitudinal  elasticity  (whether  tensile  or 
compressive),  viz  ,  Et  or  Eo  is  the  stress-intensity,  t.  e.,  p,  or  tlie  number 
of  pounds  per  square  inch  {see  Art.  468,)  of  area  under  direct  stress,  which 
will  produce  a  total  strain,  (elongation  or  contraction,)  viz.,  X  eqiuil  in 
amount  to  the  original  length  (Q  of  the  material  (under  the  imaginary 
hypothesis  that  the  limit  of  elasticity  is  not  exceeded). 

Although  a  strain  X  =  Z,  conld  not  be  prodaced  in  any  Bailding  Material  without 
exceeding  the  elastic  limit  (beyond  which  Hooke's  Law  fails),  so  that  the  physical 
interpretation  of  Et  and  Ec,  as  given,  is  quite  imaginary  as  applied  to  Bailding  Ma- 
terials, still  the  interpretation  is  usef nl,  if  only  as  furnishing  a  conception  of  a  physi- 
cal meaning  to  these  co-efficients. 

It  will  be  seen  that  Et  and  Ec  are  quantities  of  the  same  order  as  p, 
t.  e.,  not  actual  weights  but  only  intensities  of  weight  (viz.,  pounds  per 
square  inch). 

545.  Values  of  Et  and  Ec  approximately  equal  in  Bailding  Materials. 
It  is  a  remarkable  thing,  and  attended  with  important  consequences  in 
Engineering,  that  most  Building  Materials  are  so  nearly  "isotropic," 
(Art.  540)  for  Stresses  within  the  elastic  limits  that  the  values  of  X,  viz.,  the 
elongation  or  contraction  in  I  under  stretching  or  crushing  stress  of  the 
same  intensity  p  are  nearly  equal,  so  that  the  values  of  Et  and  Ec  are  for  j 
most  Building  Materials  approximately  equal.    This  point  should  receiTe       -i 


oTT-: — :— z — ^r-^  ^  —  =  a  constant  for  the  material, 
Strain-intcnsitj        v  ' 
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carefal  attention,  as  it  will  be  found  (in  subsequent  Chapters)  that  the  Ma- 
thematical treatment  of  "  Transverse  Strain"  and  "  Deflexion,"  depends 
entirely  on  the  aodumption  that  Et  =  Ee. 

546.  Transverse  Elasticity  (E,). — The  Modulus  E,  of  Transverse 
(Shearing)  Elasticity  is  not  of  mTich  practical  use,  still  its  consideration 
is  necessary  to  complete  the  subject,  and  to  ilhistrate  Hooke's  Law. 

Consider  the  state  of  a  tquare  prism  of  the  material  with  Shearing  (Tangential) 
Stresses  applied  to  its  four  faces. 
As  by  definition  (Art  468  and  542), 

p  ^  Shearing  Stress-intensity  (in  ponnds  per  sq.  in.)  over  the  faces  of  the  prism. 
V  =  Measure  of  dUiortion,  u  «., Shearing  Strain-intensity. 
Then  by  £q.  (3),  provided  the  Strain  or  Stress  be  confined  within  the  elastic  limit, 

|(7). 

=  "  Modulus  of  Transverse  Elasticity  "  =  E, i 

It  is  a  remarkable  fact  that  the  measure  (v)  of  the  distortion  of  the  prism  is  equal 
to  the  mm  of  the  intensities  of  strain  produced  in  the  diagonals  of  the  prism,  thus  :— 
Jfd^  Length  of  diagonal  of  an  unstrained  square  prism. 

8  =  Total  strain  (elongation  =  dt,  contraction  =  ^c)  of  its  diagonals. 
Then  v  =  (^t  +  dc)  -r-  d, • (8). 

547.  Determination  of  the  values  of  Et  and  Ec* — There  are  two  me- 
thods of  doing  this— -> 

(1).  The  '' direct "  method,  i.e.,  by  experiments  on  direct  tension  and 
compression. 

(2).  The  ''indirect"  method,  i.e.,  by  experiments  on  deflexion  under 
Tran67erse  Load. 

(1).  The  ^^ direct**  method. — This  is  theoretically  by  far  the  best  me- 
thod, as  no  hypotheses  are  necessary,  and  the  yalues  of  Et  and  Ee  are  at 

once  deduced  from  the  fundamental  equation  (5),  viz.,  Et  or  Ee  =  |) .  ^  by 

direct  measurement  of  X  (the  elongation  or  contraction  in  l)  under  the  ac- 
tion of  Direct  Stretching  or  Crushing  Load  of  known  intensity  p,  the  Load 
being  of  course  confined  within  the  elastic  limit,  which  is  known  by  the 
Talue  of  p .  r--  remaining  sensibly  constant. 

In  the  experiments  on  contraction,  care  must  be  taken  that  the  ''  Pil- 
lars "  experimented  on  are  of  such  length  as  to  be  of  the  Glass  styled 
''  Short  Pillars"  in  the  Chapter  on  Compression  (Art.  507),  as  the  only 
ones  in  which  simple  "  direct  *'  crushing  takes  place.  Also,  in*  the  experi- 
ments on  both  extension  and  contraction,  care  must  be  taken  that  the  Load 
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18  uniformly  distributed  over  the  area  of  the  cross  section^  so  that  the  in- 
tensity of  the  Load  may  be  at  once  dedncible  as  p  =  W  -f-  A  (Load  in 
poonds  -7-  area  of  cross-section  in  inches),  and  that  its  action  may  be  ^ttn- 
ply  Direct  Stretching  or  Direct  Crashing  (without  the  complication  of 
any  bending  action  {see  Chapters  XXII.  and  XXUL). 

Also  it  is  advisable  that  the  material  experimented  on  should  be  of  nni- 
form  or  gradually  changing  cross-section  throughout  its  length,  to  avoid 
complication  of  unequal  lateral  strains. 

N,B, — Similar  precantions  are  necessary  in  determiniDg  by  experimeiit  the  moduli 
ft  and  fc  of  teDacity  and  cmshing. 

A  practical  objection  to  the  "  direct "  method  is  that  the  Load  (W) 
required  to  produce  any  sensible  strain  X  is  very  great  indeed,  and  that 
within  the  elastic  limit  that  quantity  is  in  most  Building  Materials  so 
small  as  to  require  great  care  in  its  measurement.  The  great  Loads 
required  are  difficult  of  application  especially  in  experiments  on  Contrac- 
tion in  which,  for  reasons  explained  in  Chapter  XXIIL  (Art  501)  it 
is  difficult  to  avoid  the  complication  of  a  Bending  action. 

For  these  reasons  the  "  direct "  method  is  both  inconvenient  and  ezpoi- 
sive. 

(2).  The  indirect  method. — It  will  be  shown  (in  the  Chapter  on  Deflec- 
tion) that  the  maximum  deflection  ^  in  a  Solid  straight  horizontal  Beam 
of  uniform  rectangular  section  freely  supported  on  two  supports  at  the 
same  level,  and  loaded  with  a  weight  (W)  evenly  spread  across  the  beam 

at  the  middle  of  its  length  (J)  is  3  zz.  ^ 

WP 
Hence  Et  =  XW'a  ^^^'  Notation,  see  Arts.  542  and  461) (9), 

so  that  Et  can  be  determined  by  experiments  on  Deflexion  of  Beams  by 
measuring  the  maximum  deflexion  d  produced  by  a  known  Load  ( W)  in  i 
given  Beam  such  as  above^  care  being  taken  that  the  stress  never  exceed* 
the  elastic  limit.  (For  the  discussion  of  the  stresses  in  this  Class  of  Expe- 
ment,  see  the  Chapter  on  Transverse  Strain). 

The  theoretical  objection  to  this  method  is  that  the  truth  of  Equatioa 
(9)  depends  on  the  assumption  (see  the  Chapter  on  Transverse  Strain) 
that  Et  =  Ec.  The  practical  advantages  of  this  method  are  very  con- 
siderable. The  experiment  is  comparatively  easy  and  inexpensive:  tiid 
weights  required  to  produce  an  easily  measurable  deflexion  are  compaia- 
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iyely  small.  For  these  reasons  many  of  the  experiments  for  determina- 
tion of  Et  have  been  confined  to  this  method. 

548.  HodgkinsorCs  FomuUcB. — Mr.  Hodgkinson  has  given  formnlce 
for  the  amonnt  of  elongation  Xt,  and  contraction  Xe  in  the  length  l,  and 
also  for  the  amonnt  of  tensile  set  <rt  and  compressile  set  <rc  in  the  same 
length  I  in  both  Cast-iron,  and  Wronght-iron,  previomly  unstrained^  de- 
duced from  his  own  extensive  experiments.* 

(1).     Ccut'iran — 

\t=l\  -00239628  —  v^*00000574215--000000000d43946i? 1 1 

Xc  =  «  I  •012363869  -  ^-000152853  -  O00000001912I2 />  \  >(10). 

fft  =  '0193  X  +  -64  X* 
<rc  =  -643  X«  +  0013 

Mr.  Hodgkinson  records  his  opinion  that  when  the  compressive  stress- 
intensity;?  >  14  tons  per  square  inch,  the  contraction  Xe  is  irregular,  and 
that  when  p  <  2  tons  per  square  inch,  the  contractions  are  insensible,  so 
that  experiments  for]  determining  Ee  in  Cast-iron  should  be  within  these 
limits.  These  formulas  are  remarkable,  as  being  quite  different  tn  form 
from  Equation  (5)  whence  X  =  ^  .  /,  and  throwing  therefore  a  doubt  on  the 
practical  applicability  of  Hooke's  Lawf  to  Cast-iron.  A  considerable  differ- 
ence is  also  observable  in  the  values  of  Xt  and  Xe  for  the  same  stress-inten- 
sity p,  making  it  doubtful  whether  in  Cast-iron  £2t,  Eo  are  sufficiently 
nearly  equal  to  permit  disregarding  the  difference. 

These  results  do  not  appear  to  have  received  sufficient  attention  in  the 
profession,  as  Cast-iron  structures  are  still  designed  as  if  Hooke's  Law 
and  the  result  Et  =  Ee  were  strictly  applicable. 

(2).     Wroughl-ironr^ 

^^lut^^^^  I  Xt  =  -000096  l.pyery  approxly.  yrheap  <  10  tons  per  sq.  inch    ^ 
Hodgkinson's  i  Xt  =  '00008  /.  p  very  approxly.  whenp  <  12  tons  per  sq.  inch     r(l^}« 
results,'*        ( Xc  =  '0001  l,p  vexy  approxlj.  when^  <  12  tons  per  sq.  inch   j 

When  p  >  12  tons  or  12  x  2240  tt>s.  per  square  inch,  rapid  and  irre* 
gular  stretching  takes  place  under  tension,  and  irregular  bulging  under 
pressure. 

*  **  Report  of  Comminionen  on  thB  appUcation  of  Iron  to  Bailway  Stmotnies,  1819, "  pagei  M^ 
109,  123,  69,  60, 108. 

t  Compare  Art.  541. 

X  Barlow's  **  Strength  of  Materials,*'  Ed.  18tf,  p.  316, 
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These  resnlts  agree  with  Hooke's  Law  of  Elasticity,  and  with  Equation 
(5)  X  =r  ^,  and  it  is  also  seen  that  Xt  =  Xc  nearly,  and  therefore  Ei  =  El« 

nearly  J  so  that  there  appears  to  be  no  objection  to  employing  these  two 
important  equations  to  Wrought-iron  structures. 

549.  Co-efficient  of  deflexional  elasticity.— It  was  shown  on 
theoretical  grounds  by  Peter  Barlow*  that,  in  a  Solid  straight  horizontal 
Beam  of  uniform  rectangular  section  freely  supported  on  two  supports  at 
the  same  leyel,  and  loaded  with  a  weight  (W)  evenly  spread  across 
the  beam  at  the  middle  of  its  length  l,  the  foUowiug.  quantity,  -^^  is 
a  constant  quantity  for  any  one  material  provided  certain  limits  of  Load 
(corresponding  to  the  elastic  limit)  be  not  exceeded.  This  quantity  he  terms 
"  the  Elasticity,^  and  proposes  to  use  it  as  a  measure  of  the  Elasticity 
under  Deflexion :  he  denotes  it  by  E :  in  this  Treatise  it  will  be  denoted  by 
Edy  the  subscript  d  being  intended  to  indicate  that  it  is  derived  from  ex- 
periments on  Deflexion. 

It  is  particularly  to  be  noticed  that  this  quantity  Ed  does  not  fulfil  the 
Definition  of  the  term  '^  Modulus  of  Elasticity  "  (given  by  Rankine)  as  used 
in  this  Treatise,  see  equation  (3) ;  it  is  defined  solely  by  the  fundamental 
equation, 

^^  =  Ed,  a  constant  within  certain  limits  of  Load r..(12). 

It  is,  however,  certainly  a  "  measure  '*  of  Elasticity  under  Deflexion,  and 
has  therefore  been  styled  (Art,  542)  in  this  Treatise  the  "  Co-efficient" 
of  "  Deflexional  Elasticity." 

Barlow's  investigation  of  the  fundamental  Equation  (12)  involves  only 
the  assumption  of  Hooke's  Law  of  Elasticity ;  its  truth  was  also  estab- 
lished by  himself  by  experiment  on  Deflexion  of  Beams  such  as  above. 
It  might  be  supposed  therefore  that  Equations  (5)  and  (12),  viz.,  /) .-  = 

"WP 
constant,  and  -tmJ  =  constant,  although  both  are  algebraic  expressions 

of  the  same  physical  law,  viz.,  Hooke's  Law  of  Elasticity,  yet  being  alge- 
braic expressions  of  this  Law  imder  very  difierent  applications,  viz.,  Eq. 
(5)  under  Direct  Stress,  Eq.  (12)  under  Transverse  (Bending)  Load,  there 
would  be  no  necessary  physical  connection  between  them,  much  less  any 
simple  numerical  relation  between  Et  or  Ec  the  constants  derived  from 
Equation  (5),  and  Ed  the  constant  derived  from  Equation  (12). 

*  Barlow's  "  Strongth  of  Materials,"  Ed.  1846. 
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On  making,  however,  the  additional  assamption  that  Et  =  Ee  (not  re- 

qnired  in  Barlow's  investigation),  equation  (9),  q.  v.,  viz.,  Bt  =  rra-r  is 

deduced.     Comparing  with  equation  (12)  it  follows  that 

Ed  =  4  Et (18). 

80  that  Ed  is  now  seen  to  he  a  co-efficient  not  expressing  any  different 
physical  relations  to  Et  or  Ee  (on  the  assumption  that  Et  =  Ee),  and 
differing  from  it  hy  only  a  numerical  co-efficient. 
650.    Various  tabulated  Modifications  of  Ed. — Since  the  quan- 

WP 
tity  .^.  has  been  shown  to  be  constant,  Eq.  (12),  within  the  elastic  limit 

for  any  one  material  under  certain  conditions,  it  follows  that'^x-r^rr^ 

a  constant  quantity  under  the  same  conditions  if  A;  is  simply  a  numerical 
co-efficient. 

Unfortunately  experimentalists  and  compilers  of  tables  have  chosen 
diffierent  numerical  co-efficients  k  in  calculating  the  co-efficient  of  their 
tables,  so  that  the  quantity  tabulated  as  the  ''  co-efficient  of  Deflexion 
Elasticity "  (t.  e.,  Ed)  differs  in  different  tables  according  to  the  value 
chosen  by  the  tabulator  for  h.  In  using  any  Tables  of  Ed,  great  care  is 
reqoisite  to  ascertain  the  exact  formula  from  which  the  Ed  was  calculated, 
i,  e.,  to  determine  the  value  of  h. 

The  principal  tabulated  modifications  of  Ed  are  given  below,  together 
with  their  relation  to  the  Ed  employed  in  this  Treatise,  styled  ''  the  Boor- 
kee  Ed,*'  and  also  to  Et,  and  a  list  of  some  of  the  works,  including  In- 
dian ones,  in  which  they  occur.  As  it  is  very  undesirable  to  increase 
the  number  of  these  modifications  (each  modification  being  simply  a 
source  of  embarassment  to  the  Engineer),  and  as  the  '<  Roorkee  Ed*'  is  al- 
ready largely  employed  in  India,  it  is  strongly  recommended  to  future 
tabulators  of  experiments  on  Indian  materials  to  use  only  the  ^'  Boorkee  " 
Ed,  (even  though  they  may  be  of  opinion  that  it  is  not  the  best  form  of  co- 
efficient,) as  uniformity  of  tables  saves  much  work  of  computation. 

Various  tabulated  modifications  o/E^. 

PW 

(1).     Ed  =  j^  =  1728  X  Roorkee  Ed  =  4  Et, (12)  and  (13). 

«*  Essay  on  Strength  and  Stress  of  Timber, "  by  P.  Barlow,  3rd  Edition,  1826. 
«  Treatise  on  Strength  of  Timber,  &c.,"  by  P.  Barlow,  New  Edition,  1846,  Art  61. 
•*  Gleanings  of  Science,"  Vol  I.,  May  and  Augnst, (Expeiimenta  by  Capt  H.  C. 
Baker),  Calcutta  1829. 
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«  Scantlings  of  Timber  for  Roofs,"  by  P.  Keay,  Tables  L  to  IV.,  Boorkee,  186& 
«  Scantlings  of  Timbers  for  Roofs,"  by  Ensign  P.  Keay.    Tables  I.  to  IV.,  2nd  Edi- 
tion, Roorkce,  1872. 

(2).    Ed  =  ^ .  ^  =  54  X  Roorkee  E^  =  J  Et, (14). 

«  Treatise  on  Strength  of  Timber,  &c/'  by  P.  Barlow,  New  Edition,  1845,  in  the 
f ormnlA  (Art  103),  and  Tables  (Art  104). 

(8).    Ed  =:--•.  2  =  108  X  Roorkee  Ed  =  i  Et, (15). 

•«  Treatise  on  Strength  of  Timber,  &c.,"  by  P.  Barlow,  New  Edition,  1867. 
"  Professional  Papers  on  Indian  Engineering,"  VoL  VL,  Paper  No.  CJCXIV.  (Ex- 
periments on  Dharwar  Timbers,  by  J.  R  E.  Hart,  Esq.),  Roorkee,  1869. 

(4).     Ed  =  ^j^,  "  the  Roorkee  Ed"  =  tIt  •  Et, (16). 

**  Description  and  Strength  of  Indian  and  Barman  Timbers,'^  by  Conductor  T.  W. 
Skinner,  Madras,  1862. 

"  Professional  Papers  on  Indian  Engineering, "  Vol.  I„  Paper  No.  XXVIL  (Scant- 
ling of  Timbers,  Mysore,  by  Major  R.  H.  Sankey,  R.E.),  Roorkee,  186SL 

Thomason  C.  E.  College  Manual  No  H,  <<  Strength  of  Materials,"  5th  Ed.,  Roorkee, 
1869. 

'*  Roorkee  Treatise  on  Ciril  Engineering  in  India,"  by  Major  J.  6.  Medley,  RR, 
2nd  Ed.,  Roorkee,  1869. 

"  Scantlings  of  Timber  for  Roofs,"  by  Ensign  P.  Keay,  2nd  Ed.,  Roorkee,  1872. 

"Professional  Papers  on  Indian  Engineering,"  2nd  Series,  Vol  L,  Paper  XL., 
(Indian  Timber  Trees,  by  Major  A.  M.  Lang,  R.E.),  1872. 

651.  Comparison  of  the  use  of  Et  or  Ec  and  Ed. — Li  modem 
Works  on  Applied  Mechanics,  the  anlt/  Modulns  used  in  investigations  is 
Et,  (it  is  assumed  that  Et  zz  Ec). 

The  only  co-efi5cient  recorded  and  actually  available  in  the  case  of 
many  woods  (and  especially  for  Indian  Woods)  is  E^.  It  follows  that 
Et  is  most  useful  in  analt/tic  investigation,  and  that  Ed  is  sometimes 
the  most  useful  for  practical  calculations. 

552.  Resilience  or  Spring  {see  Art.  477)  of  material  under 
"  direct"  Load,  (i.  €.,  under  tension  or  compression)  is  measured  by  the 
"Work  done"  in  producing  a  given  "direct"  Strain  (extension  or  con- 
traction). 

Thus  whether  under  direct  tension  or  direct  compression,  (provided  that 

the  material  if  under  compression  be  a  "  Short  Pillar,"  Art.  507),  within 

the  elastic  limit, 

f 
Let  -i^=  stress- intensity  uniformly  distributed  over  area  A. 
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W  =  Load  increasing  gradually  from  zero  up  to  the  full  amount  W, 
and  producing  the  Strain  X  in  a  bar  of  length  /. 

Then  W  =  -=^  .  A,  «ee  Eq.  (2)  of  Art.  481,  and  Eq.  (2)  of  Art.  507. 

And  X  =  (7  •    ^  -7-  E,  «ee  Eq.  (5)  of  Art.  543. 

But  the  Load  W,  increasing  from  zero  up  to  W  gradually,  and  moving 
through  the  space  X  (equal  to  the  Strain  produced)  performs  "  Work '» 

W 
=  -^  .  X  on  the  bar,  which  is  the  same  (see  Art.  476)  as  would  be  per« 

formed  by  the  suddenly  applied  load  W  -r-  2. 

This  important  Result  may  be  thus  expressed. 

Theorem, — "  An  uniformly  distributed  *  direct  *  (t.  c,  tensile  or  crush- 
ing) Load  suddenly  applied,  performs  at  first  twice  the  "Work"  and  also 
produces  at  first  twice  the  Strain,  and  twice  the  Stress  that  it  would  haye 
if  gradually  applied." 

Corollary, — A  bar  which  is  to  resist  a  suddenly  applied  direct  Load, 
must  be  designed  of  twice  the  Strength  necessary  to  resist  the  same  Load 
gradually  applied. 

From  the  equations  above  cited,  it  is  seen  that  the 

«  Work  done,"  viz.,  ^  .  X  =  *  .  f .  A  X  ({•  /)  -r-  E  =  ^.  ^^ (17). 

From  this  it  appears  that  the  "  Work  done "  is  proportional  to  A/, 
which  is  equal  to  the  volume  of  the  bar,  if  of  uniform  section. 

653.    Modulus  of  Resilience.— The  quantity  ^,  which  occurs  in 

cases  of  suddenly  applied  Loads,  is  called  the  "  Modulus  of  Besilience." 

Observe  that  to  reduce  the  modulus  of  Resilience,  viz.,  r^  within  the 

elastic  limit,  it  must  be  divided  by  f?  (the  square  of  the  factor  of  safety). 
The  necessity  of  confining  the  strain  or  stress  within  the  elastic  limit  will 
be  obvious,  as  Eq.  (5)  of  Art.  543,  q.  v.,  which  has  been  here  employed, 
is  only  true  toithin  that  limit. 

554.  Factor  of  safety  for  Live  Load. — The  action  of  a  Live  Load 
if  rapidly  changing  is  somewhat  similar  to  that  of  a  suddenly  applied 
Load.    It  is  for  this  reason  that  the  Factor  of  safety  of  a  rapidly  chang- 
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ing  Load  is  generally  made  double  that  of  a  Steady  Load,  for  material 
under  direct  Tension  or  Compression,  (compare  Arts.  457  and  476), 

655.    Pile-driving. — Problems  about  Pile-driving  must  generally  be 
resolved  by  the  principle  of  the  "  Conservation  of  Energy,"  (Art.  475.) 

Example. — A  ram  of  weight  W"  pounds  falling  through  H  feet  yerti- 
cally  performs  "Work"  =  WH  foot-pounds  on  the  pile;  which  is 
expended  partly  in  compressing  it,  partly  in  driving  it — also  partly  in 
compressing  the  ram,  and  giving  "actual  energy  of  motion"  to  the  pile — ^but 
these  last  two  are  practically  inappreciable.  The  relation*  between  the 
blow  required  to  drive  a  given  depth,  and  the  greatest  Load  Wit  will  bear 
(if  supported  by  an  uniformly  distributed  friction  on  its  sides,  as  is  approx- 
imately the  case  in  soft  soil  in  practice)  may  be  thus  found  :«- 
If  W  =  Weight  of  ram  (in  pounds). 
H  =  Height  of  its  fall  (iu  inches). 

h  ^  Depth  the  pile  is  driven  by  the  last  blow  (in  inches). 
W  =  Greatest  Dead  Load  (in  pounds)  it  will  bear  without  sink- 
ing further. 
A  =  Sectional  area  (in  square  inches)  of  pile. 
I  =  Length  of  pile.     X  its  contraction  (both  in  inches). 
Then  the  Dead  Load  W'  applied  just  before  the  last  blow  produces  a 

Stress-intensity  =  -j-  (Art.  470,  Case  I.),  which  produces  contraction  of 
the  pile,  viz. — 

X  =  -^  .  -g-  .  (see  Equation  (5),  Art.  543). 

As  this  Dead  Load  W'  would  compress  the  pile  gradually ^  it  performs 

"  Work"  in  compressing  (Art.  552),  =  — .  X  zz  oXr;  '  ^^^  ^*  Performs 

Work  in  driving  (the  additional  depth  h)  =  W'A.     Equating  these  to  the 
Energy  of  the  blow  {see  Art.  472), 

W'H=  W'/i+  -^, (18). 

When  h  has  been  found  by  observation,  W'  may  be  calculated,  for 

w.=E..i^.{-+yr;:s'} <>•>• 

*For  a  oompleto  inrestigatlon  of  this  problem,  iee  Wbewell's  "  ^ochanice  of   Snginoeringi" 
Art  no. 
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Piles  are  nsnallj  driven  nntil  -j-  computed  from  this  formnla  amonnts 

to  between  2000  and  3000  pounds  per  square  inch.  Note  that  W  as  thus 
found  is  the  greatest  load  the  Pile  can  bear  without  sinking  further  :  hence 
if  s'  be  the  factor  of  safety  against  sinking  (js'  varies  according  to  different 
authorities  from  8  to  10),  then 

Working  load  =  W  ^  a' (20). 

656,  Pile  driving,  Practical  Rule. — According  to  some*  of  the  best 
authorities,  the  test  of  a  pile  having  been  sufficiently  driven  is — 

''  It  should  not  sink  more  than  ^inch  under  thirty  blows  of  an  800 
0).  ram  falluig  5  feet,"  t.  «.,  under  thirty  blows  of  '^  Energy  **  equal  to 
4000  foot-pounds  each. 

657.  Strength  of  Piles.'-This  has  been  already  considered  in  Chap-> 
ter  XXIIL,  Art.  528. 


*  Bankine'g  **  Manual  of  OivU  Engineering/'  Art.  402,  6tli  Bd.,  1870,  also  Art.  397  of  tliia 
Treat&ae. 


CHAPTER    XXV. 
STRESSES  IN  ROOF  TRUSSES. 

658.  Def.  Trass. — A  Trass  is  an  open  Framework  used  for  «pa»- 
fling  and  carrying  a  heavy  covering  across  an  opening,  e.  g,j  the  Prune- 
work  carrying  a  Roof-covering  is  called  a  "  Roof-Trass  **  ;  that  cmRyiiig 
a  Bridge-flooring  is  called  a  "  Bridge- Trass  ".  A  general  descriptioii  of 
the  parts  of  a  Roof-Trass  has  already  been  given  in  Chap.  XIIL  on  Roofiu 
The  present  Chapter  treats  only  of  Direct  Stresses  in  Roof-Trusses ;  these 
in  conseqaence  of  not  being  generally  liable  to  a  Travellings  Load,  admit  of 
treatment  in  some  respects  simpler  than  Bridge  Trasses. 

559.  Load  in  plane  of  Truss  alone  considered.. —  Whaterer  be 
the  natnre  of  the  Forces  in  action  on  a  Trass,  they  can  clearly  be  re- 
solved into  two  sets  of  Forces,  (1).  in  the  plane  of  the  Trass,  and  (2)  pw- 
pendicolar  to  that  plane.  The  latter  set  tend  to  twist  the  Trass  over, 
bat  the  Ridge  pole,  Pnrlins,  Wall-plates,  and  (in  some  cases)  Longitudi- 
nal Ties  stiffen  a  Roof  so  much  longitudinally^  that  a  Hoof-Trass  is  m 
practice  almost  always  well  able  to  resist  this  twisting  action  (compare 
Arts.  459  and  466),  so  that  the  consideration  of  the  set  of  Forces  (t.  <^ 
Load)  in  the  plane  of  the  Trass  is  alone  necessary. 

660.  Def.  Bar  and  Joint. — Elach  piece  or  member  of  a  Boof- 
Trnss  will  for  brevity  be  styled  a  Bar,  and  the  point  of  intersection  of 
two  or  more  such  pieces  will  be  styled  a  Joint. 

Each  Bar  of  a  Roof- trass  may  be  subjected  to  two  distinct  kinds  of 
strain  (in  the  plane  of  the  Trass),  viz.,  (1),  Direct;  (2),  Transverse  * 
dae  to  the  Forces  in  the  plane  of  the  Trass. 

(1).  The  Direct  Strain  produces  Direct  Longitudinal  Stress  in  eadi 
bar,  equal  (by  the  principles  of  equilibrium)  to  the  algebraic  sum  of  the 
resolved  parts  parallel  to  that  bar  of  all  the  external  applied  forces  or 
Load  on  it,  which  may  consist  partly  of  exteraal  Load  on  the  bar  and 
partly  of  external  Stresses  transmitted  to  it  from  all  bars  jointed  to  it. 
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This  Direct  Longitadinal  Stress  is  of  coarse  of  one  of  the  kinds  treated 
of  in  Chapters  XXI.  and  XXII.,  t.  e.,  either  Tensile  or  Crushing,  and' 
when  its  amount  has  been  found  by  the  principles  about  to  be  explained 
(in  this  Chapter),  the  scantlings  necessary  to  resist  it  are  to  be  calculated 
from  the  principles  and  rules  in  Chapters  XXI.  and  XXII. 

All  the  Bars  of  a  Roof  are  subject  to  this  kind  of  Strain. 

(2).  The  algebraic  sum  of  the  resolved  parts  perpendicular  to  each  bar 
of  all  the  external  applied  forces,  (t.  e.,  of  the  Load  on  it,)  produces 
Transverse  Strain,  and  therefore  Flexure  or  Bending  in  the  bar. 

Bars  which  are  loaded  onlt^  at  the  joints  (e.  </.,  internal  bracing)  can 
hardly  be  said  to  be  subject  to  this  kind  of  strain  at  all,  and  in  the  cal- 
culations required  in  Engineering,  flexure  from  Transverse  Strain  is  not 
considered  in  bars  so  loaded. 

N.B, — This  remark  is  important,  as  the  consideration  oinmuUaneous  Direct  and 
Transverse  Strains  on  the  same  bar  is  complex. 

Rafters  which  are  loaded  at  other  points  besides  the  points  at  which 
Struts  are  headed,  suffer  Transverse  Strain  from  the  Load  between  the 
heads  of  the  Struts ;  and  Tie-rods  which  carry  ceilings,  punkahs,  &c.| 
applied  at  points  other  than  the  ends  of  king-rods,  queen-rods,  or  similar 
braces  also  suffer  Transverse  Strain  from  the  Load  between  the  ends  of 
the  supporting  ties. 

This  Transverse  Strain  is  often  of  considerable  amount ;  its  considera- 
tion cannot  then  with  any  propriety  be  omitted  in  designing  such  rafters 
and  tie-rods  as  suffer  any  considerable  amount  of  it,  and  it  is  particularly 
to  be  noticed  that  these  bars  are  in  this  case  subject  to  aimultatieoua 
Direct  and  Transverse  Strain,  and  must  be  designed  so  as  resist  both* 
simultaneously. 

In  many  Roof  Trusses  and  Frameworks,  however,  the  Load  is  applied 
to  the  rafters  by  Purlins  resting  over  the  heads  of  the  Stmts,  and  at  no 
other  points,  and  to  the  Tie-rods  only  at  the  points  of  suspension  from 
the  King-rods,  Queen-rods  or  similar  supporting  ties.  In  Trusses  so  load- 
ed, the  only  Stresses  which  require  consideration  are  Direct  Longitudinal 
Stresses  of  Class  (1),  and  the  designing  of  such  Trasses  is  of  coarse 
proportionately  simple. 

*  In  the  ordinary  text-booln  this  consideration,  probably  on  account  of  the  increased  difflcnlty 
of  tho  problem,  is  UBnally  omitted ;  in  the  former  editions  of  both  the  Roorkee  **  Treatise  on  Civil 
Engineering  in  India/'  and  of  the  Thomason  0.  B.  College  Manual,  No.  XL  on  **  Carpentry/'  the  in- 
structionB  were  to  design  raften  to  resist  either  the  Direct  er  the  Transrerae  Strain. 

VOL.   I. — TBinD   BDITIOK.  3   Z 
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561.  Stnit8« — It  will  bo  UDderstood  after  reading  the  Chapters  oo 
Transverse  Strain  that  the  Strength  of  the  Principal  Rafters  when  trans^ 
versely  loaded  bj  the  application  of  the  load  through  tho  Purlins  cUcreaui 
as  the  clear  length  between  supports  (which  are  in  this  case  the  Walls, 
Strut-heads,  and  Rafter-heads)  increases. 

It  is  for  this  reason  that  Struts  and  internal  Braces  are  mtrodneed 
under  Principal  Rafters  of  great  length,  (viz.,  to  stiffen  the  rafters,)  and 
tho  more  as  the  rafters  are  longer  (see  the  figures  of  Koof-trusses  from 
Fig.  16  to  Fig.  25). 

662.  The  process  of  determining  the  Stresses  in  Trusses  ccHisisf* 
therefore  of  two  parts  : — 

(1).     Investigation  of  the  Direct  Longitudinal  Stresses. 

(2).     Investigation  of  the   Stresses  (in  such  Trusses   in   which  th^ 
occur)  due  to  flexure  from  Transverse  Strain. 

(1).  The  investigation  of  the  Direct  Longitudinal  Stresses  will  occitpg 
the  remainder  of  this  Chapter :  it  is  particularly  to  be  noticed  that  (as 
explained  above)  these  Stresses  are  tho  most  important  in  Trasses  inas- 
much as  they  occur  in  every  bar,  and  in  certain  Trasses  (viz.,  snch  as  aie 
loaded  only  at  the  joints)  they  are  the  only  Stresses  which  need  be  consi- 
dered. 

(2).  The  investigation  of  the  Stresses  due  to  Transverse  8trcin  (whidi 
has  been  explained  to  require  special  consideration  only  in  the  case  of  the 
Rafter  and  Tie-rods,  and  for  these  only  when  these  are  loaded  at  other 
points  besides  the  joints  or  points  of  intersection  of  bars)  will  be  deferred 
to  the  Chapter  on  Transverse  Strain. 

Investigation  of  Direct  Stresses. 

663.  The  manner  in  which  stress  is  transmitted  internally  from  one 
bar  of  a  framework  to  another  through  their  joint  is  a  problem  which  in 
the  present  state  of  science  cannot  bo  resolved.  The  following*  imperfect 
hypothesis  is  by  universal  acceptation  of  the  profession,  laid  down  as  a  pre- 
liminary to  the  investigation  of  the  direct  stresses,  and  must  be  carefollr 
borne  in  mind  throughout  the  investigations  of  this  Chapter^  viz. : 

Hypothesis,  "The  bars  of  a  framework  are  to  be  considered  as  perfect^ 
"  ly  rigid  between  their  joints,  and  the  joints  are  to  be  considered  as  per- 
'' fectly  free'\ 

This  hypothesis  reduces  the  investigation  of  the  direct  stresses  to  a 
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«implo  problem  of  eqnilibrinm  (t.  e.,  Statics)  of  rigid  bodies.  Observe 
that  this  hypothesis  is  made  merely  to  simplify  investigation  of  <m  other- 
wise (at  present)  impossible  Problem :  the  hypothesis  is  admissible  because 
the  error  consequent  is  over-estimation  of  the  Direct  Stresses,  so  that 
Trusses  designed  from  this  hypothesis  are  unnecessarily  strong,  as  there 
is  of  course  some  rigidity  in  the  joints  \^liich  is  an  additional  element  of 
strength. 

564.  Open  Polygons. — Under  this  hypothesis,  it  will  be  found 
{see  Ex.  10)  that  the  only  Framework  suited  to  withstand  loads  applied  in 
<inf/  manner  is  that  which  contains  no  open  (t.  e.,  unbraced)  polygons,  or 
which  consists  therefore  entirely  of  triangles,  the  triangle  being  in  fact 
the  only  figure  which  cannot  be  altered  in  shape  without  altering  the  lengths 
of  its  sides. 

Frameworks  which  contain  open  (unbraced)  polygons,  can  be  in  equi- 
librium (under  this  hypothesis)  only  under  particular  distributions  of 
load,  e,  g.y  the  symmetrical  Queen-post  truss,  (see  Ex.  2  of  Method  i,  and 
Ex.  10  of  Method  ii,)  is  shown  to  be  in  equilibrium  under  the  symmetrical 
Tertical  load,  but  requires  (see  Ex.  10)  additional  internal  bracing  to  resist 
unsymmetrical  load.  Nevertheless  as  the  joints  must  possess  same  rigi- 
dity, it  is  not  uncommon  to  see  open  quadrilaterals  in  Trusses,  the  rigidi- 
ty of  the  joints  being  relied  on  to  withstand  tlio  particular  stress  due  to 
unsymmetrical  Load,  which  the  hypothesis  of  "  free  joints  "  would  require 
to  be  borne  by  internal  bracing. 

This  practice  is  particularly  common  in  Queen-post  Timber  Frames,  in 
which  the  joints,  if  well  made,  really  are  very  stifif :  but  it  cannot  be  re- 
commended in  ironwork,  unless  attention  be  paid  to  stiffening  the  joints. 

565.  Direct  Stresses.— The  investigation  of  the  Direct  Stresses 
may  be  divided  into  two  steps : — 

Step  I.  Determination  of  the  Equivalent  Load  at  the  joints,  (see 
Arts.  566  to  572. 

Step  II.     Resolution  of  the  Loads  at  the  joints,  (see  Arts.  573  to  576.) 

566.  Step  I.  Equivalent  Loads  at  the  Joints. — The  Loads  usually 
consist  of  two  kinds: — 

(1).  Permanent  Load,  which  includes  both  the  weight  of  the  Roof- 
covering  and  of  the  Roof-framing  or  Bars  of  the  Truss. 

(2).  Accidental  Load,  viz.,  that  due  to  Wind,  Rain,  Snow,  Work- 
oaen,  &c. 
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566.  (1).  Estimation  of  Permanent  Load.— The  following  Table 
shows  the  approxunate  weight  (in  pounds  per  square  foot  of  roofing)  of 
roof-covering  and  framing  in  common  use  in  England  and  India. 


Material. 


Flattest 

slope 

ind^^reea. 


Weight  in  pounds  per  square 
foot  of  roof. 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


Sheet  copper,  abont  *22  inches  thick, 

Sheet  lead, 

Sheet  zinc,    #•        ..        ••        •• 
Sheet-iron,  -^inch  thick,    •  •        •  • 
Sheet-iron  16  W.  6.  and  Uiths, 
Cast-iron  plates,  f-inch  thick, 
Cormgated  iron,     .  •        •  • 
Cormgated  iron  and  laths, 
Boarding,  f-inch,    •  • 
Boarding  (other  thicknesses). 
Boarding  and  sheet-iron,  20  W.  Q., 

Slating,         

Slates  and  iron  lathSy         ••        ••        •• 

Pantiles,       •*        • #. 

Plain  tiles, •        •• 

Thatch  (English), 

(Joodwyn's  Tiled  roof ,        ••        ••        •• 

4*  Terrace  on  two  IJ*  tiles,  . .         . , 

4'  Terrace  on  4'  brick  arches  of  3'  span, , . 
Wood  framing  for  tiled  and  slated  roofs, . . 
Iron  framing  for  do.,  •  •         .  • 


•  • 


•  • 


4 

1. 

4 

6toa 

4 

Itolf. 

4 

3. 

4 

6. 

4 

16. 

4 

8  to  4. 

4 

64. 

22| 

21. 

224 

In  proporti 

4 

61. 

22|toa0 

6  to  11}. 

224  to  30 

224  to  30 

86  to  46 

28 

Flat 

Flat 


10. 
10. 
20. 

64. 
41. 

100. 
115. 

b\  to  64. 
3  to  10. 


N.B, — The  above  Table  can  only  be  used  as  an  approximate  guide. 

For  large  and  important  roofs,  the  only  satisfactory  mode  of  estimation  of  the  per- 
manent Load  is  hy  direct  experiment ^  viz.,  any  convenient  area,  say  100  square  feet  of 
the  Roof -covering  f  is  to  be  made  up  on  the  ground  in  the  same  manner  as  intended  for 
actual  use,  and  then  pulled  to  pieces  and  weighed. 

To  this  may  be  added  the  weight  of  roof-framing  as  in  any  previously  constructed 
roof  of  similar  type ;  these  together  constitute  the  "  Permanent  Load."  After  cal- 
culating the  scantlings  of  framework  required  for  this  load  according  to  the  principles 
to  be  explained  subsquently  in  this  Chapter,  the  weight  of  framework  so  designed  must 
be  calculated,  and  if  not  very  different  from  that  previously  assumed,  the  design  will 
be  sufficiently  strong,  but  if  otherwise,  must  be  designed  anew  with  the  new  data. 

This  process  is  of  course  very  tedious,  and  should  only  be  necessary  for  large  and 
important  works. 
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666,  (2).  Estimation  of  Accidental  Load, — The  •Accidental  Load 
consists  of  the  weight  of  (i)  absorbed  rain-water;  of  (iij  (in  cold  climates 
only)  accumulated  snow,  of  (iii)  workmen  executing  repairs ;  and  of  (iv) 
wind-pressure. 

The  character  and  intensity  of  these  several  loads  is  very  dififerent :  the 
maximum  intensity  that  can  ever  occur  should  be  estimated  in  designing : 
these  are  usually  estimated  as  follows : — 


Description. 


Intensity  in  ponnda  per 
square  foot. 


Character. 


L  Rain-absorption, 

iL  Snow  (in  cold  climates), 

iii.  Workmen  for  repairs, 
iv.  Wind-pressore, 


5  lbs.  per  square  foot  of  roof, 

5  to  20  lbs.  per  square  foot 
of  roof, 

See  below, 

40  tbs.  per  square  foot  of 
a  yertical  surface  (great- 
est known  intensity  in 
India), 


Uniformly  distributed  ver- 
tical load. 

Uniformly  distributed  ver- 
tical load. 

Vertical,  irregular. 

Uniformly  distributed  as  a 
pressure  normal  to  the 
roofing,  and  pressing  on 
only  one  tide  at  a  time. 


The  essential  difference  in  character  of  these  Accidental  Loads  should 
be  carefully  noticed. 

(i)  and  (ii).  The* load  duo  to  rain-absorption  and  snow  being  a  tint- 
formly  distributed  vertical  load  over  the  whole  roof^  is  conveniently  added 
to  the  permanent  uniformly  distributed  vertical  load  due  to  the  weight  of 
the  roofing  material,  thus  forming  a  "  Total  uniform  vertical  load  inten- 
sity, "  over  the  whole  Truss,  the  Total  or  Resultant  Stresses  due  to  which 
may  thus  be  conveniently  found  in  one  operation. 

(iii).  The  load  due  to  workmen  executing  repairs  is  vertical  in  direc- 
tion, but  not  uniformly  distributed^  inasmuch  as  the  workmen  might  be 
accumulated  entirely  on  one  side  of  any  particular  Truss. 

As,  however,  Hoofs  are  usually  designed  to  withstand  winds  of  the  most 
violent  kind  that  can  occur  in  the  locality,  during  the  greatest  violence 
of  which  repairs  would  not  be  executed,  it  is  considered  as  a  practical  rule, 
that  it  is  unnecessary  to  consider  separately  the  effect  of  the  load  due  to 
workmen  executing  repairs,  in  fact  that  a  Hoof-truss  designed  to  with- 
stand very  high  wind  is  necessarily  strong  enough  to  bear  the  weight  of 
workmen  applied,  when  the  wind  is  much  less  violent. 

(iv).  It  used  to  be  considered  sufficient  to  estimate  Wind-pressure  as  a 
''  uniformly  distributed  vertical  pressure*' :  thb  practice  was  in  universal 
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aeceptanco  under  the  inflncnce  of  T.  Trcdgold  the  great  authority  on  Car- 
pentry and  Iron-work :  this  practice  is,  however,  obvioasly  most  unsatis- 
factory for  the  following  reasons  : — 

(a).     Wind  is  usually  observed  to  blow  horizontal  If/,  and  can  hardly  be 

conceived  as  blowing  vertically  downwards, 
(W.  *  Wind  being  simply  current  air  follows  the  laws  of  fluids  in  motum, 
i.e.,  of  hydrodynamics ;  its  pressure  (as  ascertained  by  experi- 
ment) on  any  given  surface  docs  not  admit  of  being  resolved  in 
any  chosen  direction  (vertically  for  instance)  according  to  the 
simple  laws  of  Statics  of  Rigid  Bodies, 
(c.)     Its  pressure  moreover  (being  a  fluid)  is  normal  to  a  surface  pressed, 

and  not  vertical  as  under  Tredgold's  supposition, 
(d).     Wind  can  hardly  be  conceived  as  pressing  on  both  sides  of  a  roof 

at  the  same  time. 
Now  all  the  four  absurdities  (a),  (J),  (c),  (rf),  just  noticed  are  involved 
in  the  application  of  Tredgold's  method :  the  only  possible  advantage 
obtained  by  Tredgold's  mode  of  estimation  of  Wind-pressure  as  a  "  uni- 
formly distributed  vertical  pressure  "  is  that  the  whole  of  the  Loads  over 
the  Roof,  both  Permanent  and  Accidental  are  thus  assumed  to  he  of  one 
character,  viz.,  >* uniform  vertical  pressures,"  so  that  their  intensities 
may  therefore  be  added  thereby  yielding  in  one  sum  the  Total  Load-in- 
tensity over  the  whole  Roof,  so  that  the  Total  or  Resultant  Stresses  may 
thus  be  found  by  one  operation. 

This  certainly  simplifies  calculation,  but  the  practice  cannot  be  thereby 
defended  if  incorrect  in  fact.  It  might  bo  supposed  with  reference  to  (d) 
that  a  Truss  designed  (as  by  Tredgold's  method)  to  stand  a  Wind -pressure 
of  the  given  maximum-intensity,  on  both  sides  at  the  same  time^  errs  on  the 
side  of  strength,  i,  c,  of  safety,  but  this  is  by  no  means  the  case,  for  it  will 
appear  below,  that  a  Load  applied  on  one  side  only  of  Roof  has  a  totally 
different  straining  efTect  on  certain  bars  to  the  same  Load  applied  to  both 
sides  at  once. 

This  is  sufficiently  obvious  from  the  following  simple  Example : 

Ilorizontal  pressures  P  applied  to  one  s^ide  only  as  A'V  pjg^   jo^ 

of  the  triangpihir  frame  or  truss  A'V  A'  would   produce  ^         _ 

Pressure  in  the  bar  A'V,  and  Tension  in  the  bar  A'V. 

Equal  opposite  horizontal  pressures  applied  over  the  bar 
A'V  only  would  produce  Tension  in  the  bar  A"V,  and 

Pressure  in  the  bar  A'V  cijual  in  magnitude  to  the  Pressure  and  Tension  rcspcctivc- 
Ij  in  the  former  case. 


A" 
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Tho  whole  systom  of  pressures  applied  simultaneously  would  actually  balance  each 
other  as  far  as  the  bars  A'V,  A'V  are  concerned,  and  leave  these  bars  unstrained,'** 
whereas  if  the  frame  be  liable  to  either  system  of  pressures  separately,  the  bars  A'V, 
A'V  must  be  capable  of  sustaining  both  Tension  and  Pressure  alternately. 

It  appears  (from  observation)  that  the  most  violent  winds  that  usaally 
occur  exertf  a  horizontal  pressure  of  40  fibs,  per  square  foot  of  a  vertical 
surface,  but  in  consequence  of  Wind  being  simply  current  air,  its  pressure 
on  any  surface  is  essentially  nonnal  to  the  surface,  and  reduced  in  the 
following  ratio,  derived  from  the  experiments  of  Hutton — 

w'  =  intensity  of  horizontal  wind-pressure  in  B)s,  per  square  foot  of  a 
vertical  surface. 
=  about  40  fts.  as  a  maximum  (in  England,  and  as  far  as  records 
exist  in  India  also). 
u;'o=  intensity  of  wind-pressure  on  any  surface  inclined  at  an  angle  ==  t 
to  the  wind's  direction,  t.  e.,  of  slope  t. 

r=  m;.  (sin  0  ^^-^^^-'-^^  (1). 

Note  that  the  pressure  w'  is  a  hydrodynamical  pressure,  whereas  the 
pressure  w\  is  equivalent  to  a  simple  statical  pressure,  and  admits  there- 
fore of  being  resolved  in  any  direction  by  the  rules  of  Statics  (of  rigid 
bodies),  thus : — 

The  horizontal  component  of  ufn  =  w'n  cos  (90®  —  i)  =  w .  (sin  t)  J"W  ooa  t     ^ 
The  vertical  component  of  w'n  =  w'n  sin  (90®  —  t)  =  w  cot  i .  (sin  i)  i  w  oo.  < .    |  (2). 

As  the  quantity  w'n  and  its  horizontal  and  vertical  components  when 
required  in  calculation  are  difficult  of  reduction,  the  following  Table  is 
subjoined  for  reference,  taking  w'  =  40. 


• 

II7TEKSITIES  127  POUNDS  PER  SQUARE  FOOT. 

Slope  i 
in  degrees. 

Nonnnl 
Pressure. 

Components  of  Nonnal  Prcssare. 

BemarkB. 

Horizontal.                   Vertical. 

5 

5 

4-9 

•4 

10 

9-7 

9-6 

1-7 

20 

181 

17 

6-2 

30 

26-4 

22-8 

13-2 

40 

83-8 

25-5 

21-4 

60 

881 

24-6 

29-2 

60 

40 

20 

84-0 

70 

41 

14 

885 

80 

40-4 

7 

89-8 

90 

40 

0 

40 

*  Tbcre  being  no  TransverM  Strain  under  tho  bypothosis  of  *'  Bigidity,"  Ait.  MS 
t  Unwin*B  '*  Wrought-iron  Bridges  and  Boofs, "  Art.  1C4. 
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567.  Vertical  and  Normal  Load. — It  follows  from  the  abore 
(Art.  566),  that  the  Load  on  a  Roof-Trass  naturally  divides  itself  into  two 
portions,  viz.,  (1),  Vertical  Load  ;  (2),  Normal  Load. 

The  "  Vertical  Load  "  includes  the  Permanent  Load  (or  Weights  of  Roof- 
covering  and  framing),  and  part  of  the  Accidental  Load,  (viz.,  weight  of  rain- 
absorption,  and  of  snow) ;  the  "  Normal  Load  "  is  solely  due  to  Wind. 

It  will  be  shown  hereafter,  {see  Method  ii.,  Step  II.,)  that  it  is  conyenient 
to  estimate  the  Stresses  due  to  these  two  Loads  separately, 

668.  Load-distribution. — These  Loads  are  distributed  oyer  the 
bars  of  the  Trass  as  follows  : — 

(1).  By  far  the  greater  portion  of  the  Load,  viz.,  weight  of  Roof-oover- 
Ing,  Principal  Rafters,  Rain,  Snow,  and  Workmen,  and  also  Wind- Pressure 
is  from  the  nature  of  the  case  usually  distributed  over  the  Principal  Rafters. 

(2).  A  Lesser  portion,  viz.,  weight  of  tie-rod,  ceiling,  punkahs,  lamps, 
&c.,  is  usually  distributed  over  the  tie-rod. 

(3).  A  comparatively  unimportant  portion,  viz.,  that  of  the  weight 
of  the  bars  themselves  is  distributed  over  each  bar.  It  follows,  there- 
fore, that  the  only  Loads  that  in  practice  usually  require  consideration 
are  distributed  either  over  the  Principals  or  over  the  Tie-rod. 

669.  But  in  whatever  manner  the  actual  Loads  may  be  distributed 
or  applied,  the  preliminary  hypothesis  enables  the  **  Equivalent  Load 
at  the  Joints,"  {see  Arts.  565,  566)  to  be  found  in  the  same  manner  as 
the  pressures  on  the  supports  in  the  case  of  a  rigid  beam  in  elementary 
Statics;  thus— 

General  Case, — If  W  be  the  Resultant  of  any  or  all  the  Loads  (nsnally  vertical  or 

normal  from  the   nature  of   the  case)  between  any  two 

joints  as  A,  and  A,,  then  A,  A^  being  considered  (by  the 

^^9'  H-  preliminary    hypothesis)  a   rigid  bar   resting  freely   on 

supports  at  Aj  and  A„  it  follows  for  the  pressure  W, 
Wj,  on  the  points    A,  and  A,  (due   to   the   Load  W) 
from    the  principle  of  the  Lever,  if   W  cut  A,A,  =  ai 
so  that  A,0  =  x\  Aj  O  =  x\ 
Pressure  on  A| :  Pressure  on  A,  :  W  =  AjO  :  AjO  :  A,  A^ 

.•.PrcssureonA»(duetoW),orWi  =  .^  .  W=^.  w) 

A\  Aa  CL  I 

AO  T-       Y*^ 

Pre8snreonA,(duetoW),orW,=  r-4-.W=-  ,  Wl 


Similarly  may  the  pressures  on  A„  A,  due  to  other  Loads  between  A„  A,  be  found  : 
the  pressures  so  found  arc  of  coxa^a parallel  to  the  respective  Loads. 
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tf  (as  is  UBoalljr  the  case)  rnanj  or  all  tho  Loads  over  A,  A,  be  parallel,  thej  con- 
st! tate  a  system  of  Parallel  Forces,  and  the  Pressures  on  A|  A,  dae  to  all  sach  parallel 
Loads  between  A,  A,  may  be  found  by  the  principles  of  systems  of  Parallel  Foicea 
in  Elementaiy  Statics,  i.  e.,  by  fdmply  adding  the  partial  Pressures  due  to  each 
separate  Load. 

Thus  if  ao„  to^  f9, 19^  be  the  Parallel  Loads  between  A,A^ 

c/,  X* ;  «,',  «/  ;  «,',  *y «'a>  'b'  be  the  segments  into  which  they  cut  A|  A^ 

W  =  19,  -f  99,  4-  •('s  + ^D  =  Resultant  of  the  Loads. 

X',  X'  the  segments  into  which  this  Resultant  cuts  AjA^ 

Then  Pressure  on  A,  =  — ^^ ^  =  —  .  W. 

2  t**  nf^        X'  ^ ^*^' 

Pressure  on  A«  ==     ^       ^  =  —  .  W. 
'a  a 

This  process  gives  the  Pressures  on  A„  A,  due  to  Loads  between  A,  A,  only :  the 
t^ressnre  on  A,  due  to  Loads  on  all  other  bars  resting  on  A,  may  be  found  in  like 
manner,  and  that  on  A,  due  to  Loads  on  all  other  bars  resting  on  A,  may  be  found 
in  like  manner. 

570.  ApplkatioH  to  ordinary  Roof  a. — Li  ordinary  Boofs  this  pro- 
cess is  much  simplified  from  two  considerations — 

(I).  That  (as  previously  explained)  the  only  Loads  ordinarily  requir- 
ing consideration  are  distributed  orer  the  Rafters  and  Tie-Rods;  (2),  that 
such  Loads  are  commonly  uniformly  distributed  (when  not  applied  directly 
to  the  joints). 

From  these  two  considerations  it  results  in  ordinary  Roofs  that  the 
t^ressure  on  any  joint  may  be  simply  expressed  in  either  of  the  two 
following  ways : — 

Pressure  on  any  joint  =  ^  x  Uniform  Load  over  the  two  contiguous 
bays  -f  any  Load  directly  borne  on  that  joint    •...« (5). 

:=:  Uniform  Load  from  centre  to  centre  of  the  two  contiguous  bays 
+  any  Load  directly  borne  on  that  joint    (5). 

These  two  equations  will  be  repeatedly  used  in  the  Sequel,  so  that  it 
seems  unnecessary  to  exemplify  them  here.  The  Student  is  recommended 
to  refer  at  once  to  Examples  of  their  use  in  Step  I.  of  the  Livestigation 
of  any  of  the  Roofs  following. 

General  expressions  for  Symmetrical  Boofs  witli  Straight  Bafters  will  be 
found  at  end  of  Art.  578. 

6  71.  Re-actions  of  Supports. — The  Besistances  (ot  *'  Be-actions  ") 
supplied  by  all  the  Supports  of  a  Truss  collectively,  must  of  course  by  the 
principle  of  equilibrium  be  exactly  equal  to  the  Total  Load  (of  all  sorts 
on  the  Boof. 
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The  separate  Be^actiens  areitD:be'4^rmined  by  the  principles  and  fonnnla 
(8)  and  (4)  of  the  last  articles,  the  He-actions  of  the  supports  being  simplj 
equal  and  opposite  to  the  pressures  on  the  supports.  General  fommhe 
for  symmetrical  Roofs  are  given  in  Art.  578.  It  may  be  remarked  here 
that  in  a  symmetrical  roof,  symmetrically  loaded^  we  hare  of  coarse, 

Re-action  at  A'  or  A'  iz  ^  of  Total  Symmetrical  Load (6). 

672.  Check  on  Step  L — The  following  equations  must  necessarily 
obtain,  and  form  a  good  check  on  the  correctness  of  distribution  of  the 
Load  to  the  joints  which  should  never  he  neglected,  viz., 

Sum  of  "  Equivalent  Load  at  joints,  "  )  Total  Load  (1^ 

also  Sum  of  Re-actions  of  supports,    ) 
This  check  should  be  applied  to  each  system  of  parallel  forces,  viz.,  (to 
the  Vertical  and  Normal  Loads,)  separately. 

573.  Step  n. — Resolution  of  the  Loads  at  the  joints.— There  are 
two  convenient  methods  of  doing  this,  both  of  which  will  be  fully  exem- 
plified, and  both  of  which  are  adapted  to  finding  the  Stresses  either  by 
graphic  construction  or  by  calculation  from  trigonometrical  formulie. 

These  may  be  termed  the  (i).  Method  by  Resolution ;  (ii).  Polygonal 
Method. 

In  the  first  the  Load  at  each  joint  is  resolved  parallel  to  each  bar  meet- 
ing at  that  joint  by  the  simple  application  of  the  fundamental  Theorem 
of  the  "  Parallelogram  of  Forces." 

Jn  the  second  the  Stresses  are  found  by  constructing  a  "  Polygon  **  to 
represent  the  whole  of  the  Forces  (both  Loads  and  Stresses)  at  each  joint 
in  succession,  by  the  Theorem  known  as  the  "  Polygon  of  Forces." 

574.  These  methods  will  be  fully  exemplified  in  Sections  L  and  IL 
following,  their  respective  conveniences  may  be  thus  summarized, 

Ist,    Both  are  (under  the  preliminary  hypothesis)  theoretically  accurate. 

2nd,  Both  are  adapted  to  finding  the  Stresses  either  graphically  or  by  constmctian 
of  general  formulae,  but  the  second  is  essentially  a  grajphic  method,  i.  e.,  involTes  a 
geometric  construction  (which  need  not,  however,  be  done  to  scale). 

Zrd,  Both  contain  a  theoretically  perfect  check  at  the  end  of  the  process  on  the 
accuracy  of  the  steps  of  the  investigation. 

4M.  The  first  is  not  nearly  so  convenient  a  method  for  graphic  constraction  as 
the  second,  and  the  errors  of  construction  are  cumulative. 

bth.  The  Stresses  found  by  the  first  method  arc  the  partial  Stresses  due  to  the 
partial  Load  at  each  joint ;  several  such  partial  Stresses  may  require  to  be  added  to 
find  the  Total  Stress  on  a  particular  Bar  (/?.  g.,  this  is  always  the  case  with  the  lower 
segments  of  Kaftcrs,  see  Examples  of  Method  i). 
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Those  found  bj  the  second  method  are  the  Total  or  Resoltant  Stresses  on  each  bar, 
t.  e,t  the  algebraic  addition  of  the  Partial  Stresses  is  (necessarily)  performed  daring 
the  process  of  the  geometric  constmction. 

The  Resultant  Stresses  when  expressed  bj  formnlss  are  of  conrse  the  same  bj  both 
methods :  there  is,  howeyer,  less  chance  of  any  omission  of  a  Partial  Stress  in  the 
second  method. 

6th.  The  character  of  the  Stress  (whether  Tensile  or  C!ompressiye)  is  more  read- 
ily detected  bj  the  second  method. 

7th.  In  simple  Trusses,  especfallj  in  symmetrical  Trusses,  symmetrically  loaded, 
either  method  is  about  eqnallj  conyenient,  but  in  complicated  trusses  (especially  Bow- 
string Trusses,  which  have  the  Rafters  and  Ties  broken  into  different  slopes),  and 
in  unsymm^trical  trusses,  or  in  nnsymmetricallj  loaded  Trusses,  the  trigonometrical 
expressions  become  cumbrous,  and  the  graphic  method  (as  performed  bj  the  second 
method)  is  much  more  conyenient  and  rapid  in  application  ;  but  eyjen  when  trig- 
onometrical formulae  are  desirable,  it  is  belieyed  that  (in  these  difficult  cases)  it 
will  be  found  more  easy  and  more  certain  to  deduce  the  formulas  from  the  previously 
drawn  geometrical  construction  of  the  second  method  than  from  the  first  method. 

8^^.  The  graphic  constmction  of  the  second  method  presents  the  whole  of  the 
Stresses  at  one  glance  in  a  manner*  easily  appreciable  by  the  eye. 

For  these  reasons  the  first  method  cannot  be  generally  recommended ; 
it  will  be  exemplified  only  in  the  case  of  the  two  Roof-Tmssses  of  most 
ordinary  occnrrence,  and  under  the  simplest  conditions  ofLoad,  yiz.  :«- 

Ex.  1.    Synmietrical  King-Post  Truss  nnder  symmetrical  vertical  Load. 
Ex.  2.    Symmetrical  Queen-Post  Truss  under  synmietrical  vertical  Load. 

The  more  difficult  forms  of  Trass  under  unsymmetrical  load  will  all 
be  solved  by  the  second  method,  which  is  especially  commended  to  the 
Student's  attention,  see  Method  ii. 

575.  Unstrained  Bars. — The  following  useful  note  will  frequently 
save  much  trouble.  In  a  Eoof-Truss  of  many  bars,  it  often  happens  that 
under  particular  distributions  of  load,  certain  bars  suffer  no  Stress  and 
therefore  no  Strain.  These  bars  can  often  be  discovered  by  mere  inspect 
lion  by  the  following  simple  consideration,  which  will  save  much  trouble  in 
the  actual  statical  investigation.  Fig.  12. 

Example. — At  an  unloaded  joint  as  M,  at 
which  only  three  bars  as  A'M,  BM,  A'^M  meet, 
of  which  two  as  A'M,  A"M,  are  in  one  straight 
line,  it  is  essential  to  equilibrium,  (under  the 
hypothesis  of  "  free  joints,")  that  the  Stresses  on 
A'M,  A'^M  should  be  equal  and  opposite  (i.  €.,  either  both  Tensions,  or 

*  It  is  oonaldered  by  many  eminent  Engineers  that  grapbic  metbodfi  are  for  this  reason  the  better 
for  ordinary  ose. 


*• 
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both  Thrnsts),  and  tbat  the  bar  BM  should  he  unstrained^  or  be  a  ''bar 
of  no  Stress". 

Cor.-^Such  a  *'  Bar  of  no  stress  "  as  BM  might  be  removed  (nnder  this 
particular  condition  of  loading)  without  afifeoting  the  eqailibriam. 

Practical  Remark. — Although  in  such  a  case,  the  bar  BM  appears  nnnecessaiy  to 
eqailibriam,  still,  i£  the  Stresses  on  Alii,  A^M  be  throsts,  and  the  joint  at  M,  reitUjf 
in  anj  sort  of  way  "free,"  (as  the  preliminarr  hypothesis  supposes,)  then  their 
equilibrium  is  unstahUy  {tee  Art  501,)  and  might  bo  destroyed  by  the  most  trifling 
variation  of  load  on  the  whole  Trass.  In  actual  practice^  therefore,  if  the  Stresses 
on  A'M,  A"M  be  thrasts,  either  the  bar  BM  most  be  added  to  preserve  the  Stiffness 
of  the  Trass,  or  else  the  so-called  "joint"  at  M  most  be  made  rigid  enough  to 
IMcnre  the  reqaisite  Stiffness  in  the  Trass. 

Instances  of  unstrained  bars  will  occur  repeatedly  in  the  Examples  on 
Method  ii  («,  g.,  JSxs.  4,  6,  7,  <&c.,  under  normal  load,  q.  v.) 

576.  Problem  indeterminate  of  finding  more  than  two  unknoivn  Stresses. 
—Under  the  preliminary  hypothesis  oi  rigid  bars  and  free  joints^  the  prob*- 
lem  of  determining  the  magnitude  of  the  stresses  in  more  than  tvoo  bars 
meeting  at  any  joint  produced  by  the  load  at  that  joint  is  strictly  indeter- 
minate. 

This  is  easily  seen  to  be  the  case  as  the  conditions  of  equilibrium  of  the 
whole  system  of  forces  (in  the  plane  of  the  Truss)  at  the  joint  are  ordy  two 
\x^  number,  viz  :— 

^'  The  algebraic  sums  of  the  resolved  parts  of  the  forces  in  any  two 
directions  (in  the  plane  of  the  truss)  must  be  separately  zero". 

Example.— A9  the  simplest  cose,  cox)sider  the  stresses  P,,  Pa,  P,,  product  by  a  Load 
W  resting  on  three  posts,  or 

supported  by  three  ropes  (in  ■*'  *9'  ^«^* 

each  case   in  one  vertical 
plane).  /^  £- 

Let  t.,  I'a,  I,,  be  the  given                     ^f  >  V^  X»* 

inclinations  of  the  bars  to                  ^(  \  \  \p        '^. 

the  horizontal  (all  reckoned            p/^r  /          V^  '  ^  V 

in  the  same  direction),  and          yr     /9          \ 
let  downward  vertical  loads       x      /                  \ 
be  reckoned  positive.  -^* — ^^* ^** 

Then  the  two  necessary 
and  sufficient  conditions  of  eqailibriam  at  the  point  where  P|,  P„  Pj,  W  meet  are 

P,  sin  ^^  +  P,  sin  i,  +  P3  sin  t,  +  W  =  0  (8). 

P,  cos  1,  +  P,  cos  i,  +  P3  cos  I3  =  0 ^ (9). 

f^hich  equations  are  evidently  not  safficient  to  determine  the  three  quantities  P|,  P,,  P,. 

Practical  jRcmar^, -^The  problem  is  not  of  course  really  indeterminate 
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in  naiare,  as  the  amount  of  Stress  taken  np  by  cacli  bar  depends  on  the 
character  of  the  joint,  and  on  the  elasticity  of  the  material  of  the  different 
bars  or  ropes,  so  that  if  these  be  given  the  problem  woald  be  theoretically 
resolvable,  but  as  remarked  (Art.  563)  this  problem  cannot  be  resolved  in 
the  present  state  of  science. 

As,  however,  under  the  preliminary  hypothesis  the  problem  is  indeter- 
minate, t.  e.,  as  there  are  only  two  equations  of  condition,  and  more  than 
two  unknown  Quantities,  (viz.,  the  magnitudes  of  the  Stresses,)  to  be  deter-^ 
mined,  an  additional  number  of  conditions  may  be  assumed  (provided  they 
are  consistent  with  each  other  and  with  the  given  two),  sufficient  to  make 
the  whole  number  of  conditions  the  same  as  that  of  the  quantities  (viz., 
Stresses)  to  be  determined. 

The  additional  conditions  to  be  assumed  are  a  flatter  of  convenience  in 
each  special  case.     Instances  will  occur  hereafter  (Ex.  10,  of  Method  ii). 

577.  General  Notation. — The  following  Oeneral  JSotation  will  be 
used  throughout  this  Chapter.     {See  any  diagram  following). 

The  same  letters  will  be  used  to  indicate  points  similarly,  or  somewhat 
similarly,  situate  on  either  side  of  the  vertex  (Y),  those  to  the  right  and 
lejl  being  indicated  by  single  and  double  accents,  respectively. 

Thus  A^  and  A^  indicate  right  and  left  abutments. 

V  indicates  "  vertex  ";  M  indicates  *'  middle  "  of  tie-rod. 

Rafters  A'V,  and  A'^V;  Tie-rod  A'MA*'. 

Bafter-joints  are  denoted,  commencing  from  the  abutments,  by  A',  B',  C\ 
&c.,  for  the  right  rafter,  and  A",  B",  C,  &c.,  for  the  lejt  rafter. 

Bars  will  be  distinguished  in  the  Frame-diagrams  thus: — If  in  tension 
by  thin  lines ;  if  in  compression  by  thick  lines ;  if  not  strained  (under  par- 
ticular Loading)  by  dotted  lines  {see  Method  ii,  for  examples  of  Bars  not 
strained  by  Wind  pressures). 

Loads  and  Rb-actions  are  distinguished  in  Stress-diagrams  by  thick 
and  thin  lines  respectively* 

Stresses  will  be  distinguished  in  Stress-diagrams  thus  : — If  Tensile, 
by  thin  lines ;  if  Compressive,  by  thick  lines* 

Stresses  are  denoted  thus  :— 
T  denotes  Stress  on  any  Rafter-segment  (this  will  be  proved  to  be 

Thrust), 
H,  h  denote  Stresses  on  Tie-rods,  or  other  horizontal  or  nearly  hori- 
zontal bars  (usually  Tensile). 
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K,  Q  denote  Stresses  on  King-,  and  Qaeen-rods,  (nsnally  Tensileh 
S,  8  denote  Stresses  on  Struts  or  Braces. 

These  symbols  with  the  figures  1,  2,  3 n  mbscriptj  denote 

Stresses  on  the  \8t^  2ndy  3rd nth  bar  (of  the  named  kind)y 

reckoning  from  the  vertex  (V)  or  middle  (M)  outwards ;  also  single  and 
double  accents  are  used  to  indicate  Stresses  on  Bars  to  the  right  or  lejtj 
respectively. 

N.B, — The  remainder  of  the  notation  applies  chiefig  to  Sgmmetrical 
Straight-raftered  Roofs  (the  ordinary  kind). 

Slope  of  principal  rafters  =  i;  slope  of  ties  =  t". 
A'V  or  A^V  the  length  of  rafter  =  I  (in  inches),  or  L  (in  feet). 
A' A"  the  span  =  2c  (in  feet). 
VM  the  rise  =  k  (in  feet) 

Breadth  of  bay  between  two  trusses  =  B  (in  feet). 
W  =  "Weight  (in  pounds)  of  roofing  borne  on  one  Truss,  including  the 
weight  of  the  Rafters  themselves,  supposed  uniformly  distri- 
buted (as  is  really  approximately  the  case  in  practice). 
V)  =  Intensity  of  W  (in  pounds  per  square  foot),  see  Art.  566  ...  (1). 
w  =  Weight  (in  pounds)  of  ridge  pole  and  ventilators,  and  any  other 

load  borne  on  the  ridge  by  one  Truss, 
w'  =  Weight  (in  pounds)  of  Struts,  Braces,  King-rods,  Queen-rods, 
Tie-rods,  Ceilings,  Lamps,  Punkahs,  &c.,  borne  by  the  Tie- 
rod  of  one  Truss,  at  each  joint, 
n  =  Number  of  segments  in  each  Rafter  (usually  the  same). 
W'  =  Normal  Wind  pressure  (in  pounds)  uniformly  distributed  over 

one  side  only  of  the  roofing  borne  on  one  Truss. 
%o'  =  Intensity  of  W'  in  pounds  per  square  foot  perpendicular  to  Roof- 
surface  {see  Table  at  end  of  Art.  566). 
578.    General  formulsB  for  Symmetrical  straight-rajtered  Roofs  {su 
any  diagram  following). 

L2  z=  c2  +  P,  L  =  c .  sec  i,  ^  =  c .  tan  i, (10). 

cottzzT-,  cosec  I  =  r-,    sec  t  =  -  (11). 

W  =  m;  .  2BL,  W  =zw'  .  BL (12). 

And  in  Roofs  in  which  each  Rafter  is  divided  into  n  segments  of  (as 
is  usual)  equal  length  {see  Fig.  15). 

Uniform  Vertical  Load  on  each  rafter-segment  =  — (13). 
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Uniform  Normal  Load  on  each  segment  of  loaded  rafter  =  -^...  (14)» 

Hence  the  results  (from  Eq.  5,  Art.  570)  for  the  "  Equivalent  Loads 
at  the  Bafter-joints"  and  for  the  Re-actions. 

J-  at  the  abutments  A',  A",  , 

^SulT""^  iC + -  »*  *«  -t«  ^> • ^(15). 

— at  all  intermediate  joints  B',  B* ;  C,  C,  &c., 

Vertical  Re-action  due  )  W  -f  w              .  ^ 
to  Load  on  Rafters  only.  I       2       a^^>^       (lb). 

Noting  that  there  are  (n  —  1)  joints  between  the  abutment  (A'  or  A'), 
and  the  vertex  (V),  we  see  that  (as  required  by  Ajrt.  572.) 

Sum  of  Loads  at  joints  -\ 

=  Total  Load  (W  +  w)  =  Sum  of  Re-actions. 
N,B. — Similar  Results  of  coarse  hold  for  the  Yertieal  Load  on  Tie-iod. 

Equivalent  1  o"*  ***  ^^  vertex  (Y),  and  at  one  abutment  A'  or  A',  I 
Normal  ^  ^\  V(17). 

Loads,    i  —  at  all  intermediate  joints  B',C,  &c.,  or  B'',C'',  &c.,  i 

Also  for  the  Normal  Re-actions  R'  at  A',  R"  at  A",  see  Fig.  16  (c) ;  since 
the  Resultant  =  W  (of  the  uniform  Wind  pressure  over  the  right  rafter 
only,  i.«.,VA')  clearly  passes  through  Y  the  middle  point  of  YA',  in  direc- 
tion YZ  perpendicular  to  the  rafter,  therefore  by  Art.  569. 

R'  :  R'  :  w  =  ATz  :  a'z  :  a'a" 

=  (A'A'  -  A'Z) :  A'Z  :  A'A' 
=  (2c  —  J  sec  i)  ;  2*  sec  i  J   2c 

=  (2c  -  IsecM)  :  jsec^i  :   2c 

.-.  R'  =  W.  (1  -  i  sec2  i),  R*  =  W.  i  sec^i   (18). 

Also  we  see  that  (as  required  by  Art.  572) 

Sum  of  Loads  on  joints  =  —  +  (n  —  1)  —  +  |^'  = 

=  Total  Load  (W)  =  Sum  of  Reactions  (R'  +  B'),  ...  (7). 
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Method  (i).    Method  of  Hesolutiok. 

579.  As  already  stated  (A.rt.  573),  this  Method  will  be  applied  onlj 
to  two  Roof  Trusses  of  ordinary  occarrence  under  very  simple  conditions 
of  load,  viz.  :— 

Ex.  1.   SyiDmetrical  King-Post  Trass  under  symmetrical  vertical  Load. 

Ex.  2.   Symmetrical  Queen-Post  Truss  under  symmetrical  vertical  Load. 

The  External  Loads  are  supposed  applied  to  the  Principal  Rafters  bj 
Purlins  at  each  joint  onli/,  so  that  the  Principal  Rafters  are  not  subject  to 
Transverse  strain,  (Art.  560),  and  the  Problem  is  limited  to  that  of 
finding  the  direct  Stresses  (Art.  562,  (1)). 

Ex.  1. — Symmetric  King-Post  Truss  under  symmetrical  vertical  LoacL 

Fig.  14. 


580.  Dwcnp/ton.— AV,A''VtheRafter8ofequallength,A'V=zL=A'Y. 

A' A''  the  Tie-road,  horizontal ;  A' A''  the  span  =  2c. 

VM  the  King-rod,  vertical,  bisecting  the  Tie-road  in  M ;  VM  =  h. 

MB',  MB''  the  Struts  bisecting  the  Rafters,  so  that  MB',  MB^  are 
parallel  to  A'^V,  A'V,  respectively. 

Notation. — See  Arts.  577  and  578.  Note  that  the  Total  or  Resultant 
Stresses  on  the  several  Bars  composing  the  frame  are  denoted  by  the 
capital  letters  attached,  and  the  partial  Stresses  due  to  the  partial  Loads 
at  the  contiguous  joints  only  by  the  corresponding  small  letters. 

581.  Step  L  Load  on  each  joint. — Under  the  hypothesis  explained 
(Art.  563),  that  each  Bar  is  rigid  between  joints,  and  that  the  joints  are 
perfectly  free,  and  as  the  segments  of  the  rafters  are  all  equal  (viz., 
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A'B'  =  B'V  =  VB"  =•  B*A"),  the  load  borne  by  each  rafter-segment 

is  ^  of  the  whole  weight  of  roofing,  i.  e.,  =  -j-,  also  each  rafter-joint  bears 

^  of  the  load  on  each  contigous  rafter-segment,  together  with  any  load 
directly  supported  :  thus,  Ekj.  (5),  Art.  570. 

Load  at  Vis  J  (Loads  on  BT  and  VB'0 1  =i /^  j.  ^\  •  w-'^^w 

+  Direct  load  (w)  J       ^  V  4  "*■  4  ;'*"^""T  +  ^ 

Load  at  B'  or  B*'  is  i  (Loads  on  A'  B'  1  _  ,  /  W     W  ^        _  W 
and  B'V,  or  on  A'B''  and  B'^V)  /       *V4"*"4j        ~T 

LoadatA'or A'^isKLoadonA'B'or A'^B'O  =  i  *  7^  =  T 

Load  at  M  is w' 

Also,  since  the  roof  is  symmetrical  and  symmetrically  loaded,  the  Re-actions 
at  the  supports  are  each  equal  to  half  the  Total  Load  on  the  Truss,  t.  e., 

Re-action  at  A'  or  A"  =  KW  +  w  +  V) 
As  a  check  on  the  correctness  of  the  assignment  of  the  Load  at  each  joint, 
add  them  all ;  their  sum  should  clearly  be  equal  to  the  whole  Load, 
(W  +  w  +  w')  on  the  Truss,  i. «.,  should  satisfy  Eq.  (7)  of  Art.  572. 

8nm  of  Loads  on  Joints  =  Whole  Load  on  Truss  =  Sum  of  Re-actions 
of  supports,  as  it  does  in  this  case,  for 

-¥+T  +  (t+  w)  +  ^+^  +  W=W+w  +  V 

2  "*"  2 

The  application  of  this  check  should  never  be  neglected. 

N,B, — Of  course  the  whole  of  the  Resalts  of  this  Art  might  hare  been  deriyed  by 
sabstifation  from  Eq.  (15)  and  (16)  of  Art  578,  but  it  was  thoaght  better  for  the 
Stadent  to  derive  these  Kesnlts  from  first  principles  in  this  Example. 

582.     step  II*    Resolution  of  the  Load  at  each  joint,^" 

(1).    At  joint  B'. — The  vertical  Load  —  on  B'  is  supported  by  the 

two  resistances,  f/,  S'  of  the  two  bars  A'B',  MB',  which  resistances  ar^ 
clearly  thruatSj  because  the  Load  compresses  both  bars,  and  are  moreover 
equals  because  the  bars  are  equally  inclined  to  the  Load,  also  the  sum  of 

their  vertically-resolved  parts  is  clearly  equal  to  the  Load  -j-  which  they 

support,  t.  e., 
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((/  COS  CB'A'  -f  B' .  OOB  »'B'M)  =  St.'  oos  »'B'A  =  2<.'  nn  i  s  -^ 


W 


/.  r;  =z  8'  =s  -5-  coBeo  « 


.(!)• 


(2).    AtjahU  B". — Bj  similar  reasoning 


W 


</  =  8'  =  -^  cosec  t  (both  thrusts). 


8 


in 


(3).  il<>'n<  M.— The  eqoal  thmsts  8',  8'  along  the  strata  B'H,  Vt 
are  supported  by  the  king-rod,  producing  a  rertical  tewtle  stress  iiit 
(becanse  they  both  clearly  pnll  at  its  foot)  equal  to  the  sum  of  their  Tcr- 
tically  resolyed  parts,  t.  e., 


W 


=  8'  eosB'MV  +  8"  cos  B^MV  =  28'  sin  t  =  -j-  from  (i). 

This,  together  with  the  tensile  stress  due  to  w'  hung  directly  from  tk 
foot  of  the  lBng-n>d|  makes  up  the  Total  Tensile  Stress  slong  the  king- 
rod,  Tia. :— 


K  =  ^  +  V. 


(«> 


(4).  At  joint  V. — The  Stress  K  along  the  Idng-rod  together  with  tk 
direct  Load  (-^  +  w)  on  V  make  up  a  Total  Load  :s  (k  -f.  J^  4.  w) 

=  f  ^  +  w  4-  Wj  borne  on  V,  which  is  supported  bj  the  two  Benik- 

ances  T/,  T/  of  the  bars  B'Y,  BT,  which  Resistances  are  clearly  Thmite 
because  the  Load  compresses  both,  and  are  moreorer  equal  because  Us 
the  two  bars  are  equally  inclined  to  the  Load,  also  the  sum  of  their  t«- 

(W 
~2*  +  w  •!•  VjwUA 

they  support,  t.  ^, 

(T/ .  cos  MVA'  +  T,'.  COS  MVA")  =  2T,'  cos  MVA'  =  2T/.  lisi 

=  (7  +  ^  +  ^0 

.-.  T/  =  T,"  =  i  (5-  +  w  +  w')  .  cosec  i (j). 

(5).  Total  Streius  on  B'A',  B'A*.— These  last  thmsts  T,'  on  "VW,  al 
Ti"  on  VB'  sre  clearly  transmitted  unaltered  down  the  bars  B'A'  B'A' 
respectirely,  so  that  the  Total  Thmsts  on  these  become 

T,'  =  T.'  +  <;  =i(r  +  '^  +  ''')•  *^'*''  *  +  T-  •<"»«>  i- 
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•  •  ^3  — ^»  — v~  "*"  — 2 — I  •  ^sec  1. (4). 

(6).  Stress  an  tie-rod.— These  ToUl  Thrusts  T,',  T,*  along  B' A',  B'A*', 
produce  a  horizontal  tens^e  Stress  H'yH"  on  the  tie-rod  segments,  and  a 
vertical  pressure  on  the  walls  at  A',  A".  The  horizontal  pulls  H',  H*  on 
the  tie-rod  segments  are  clearly  equal  to  the  horizontally  resoWed  parts 
of  the  Thrusts  T/,  T,'',  respectively,  thus 

H'  =  T/  cos  f ,  H^  =  T,^  cos  t. 

/.  ff  =  ff  =  (?^  +  ^'^^)-  ^*  »'  fron^  W W- 

MA— This  equality  of  the  horisontal  Stresses  H',  H'  on  the  tie-rod  segments  might 
have  been  foreseen,  as  it  is  clearly  fuceuar^  to  the  equiUbrUm  of  the  point  C.  This 
affords  a  cheiik  on  the  investigation. 

(7).  Vertical  Pressures  on  the  walls. — The  Thrusts  Tj',  T,*"  produce  a 
vertical  pressure  on  the  walls  at  A',  A'  clearly  equal  to  their  vertically- 
resolved  parts,  t.  e.  =  T/  sin » =  T/  sm  i  =  (  y^  +  ^  ^  ^)from  (4). . 

These  together  with  —  shown  in  Step  I.  to  be  directly  borne  at  A',  A' 
make  up  a  Total  Vertical  Load  on  A'  or  A' 

fZW  .  w  +  w*x     W w  +  wjh  w^ 

=s  Re-action  of  the  wall  at  A'  or  A'  {see  Step  1.)  •• (6), 

an  equality  which  is  clearly  necessary  (Art.  571).    This  last  step  affords 
a  valuable  check  (which  should  never  be  neglected)  on  the  investigation. 

583.  Bemarkt  on  terma  King-rod,  Tie-rod, — ^It  is  particniarly  to  be  noticed  that 
inthiM  Truss,  nnder  the  hypotheses  set  forth,  viz.,  that  the  Bars  are  all  perfectly  rigid 
between  the  joints,  and  that  all  the  joints  are  perfectly  free,  the  stresses  on  both  these 
Bars  are  solely  tensile,  so  that  both  Bars  are  **  Ties  ";  and  might  therefore  be  replaced 
by  ropes  or  chains. 

These  Bars  were  formerly  called  .(and  are  still  often  tenned)  **  ESng-post,"  and 
**  Tie-beam,"  respectively  :  as  however  these  terms  are  misnoniers,  and  likely  to  mis- 
lead the  Stadent  into  mistaking  the  character  of  Stress  occnnring  in  each  (as  the  term 
**  Post"  seems  indicative  of  crushing  Stress,  and  **  Beam"  of  Transverse  Load),  it  has 
been  judged  preferable  to  discard  altogether,  in  a  theoretical  investigation,  the  use  of 
terms  likely  to  mislead. 

Nevertheless,  it  is  possible  with  inferior  workmanship  to  frame  the  pieces  so  together 
that  the  **  King-rod  "  really  acts  as  a  *^  Post, "  (and  may  therefore  with  propriety  be 
called  a  "  King-post "},  and  presses  downwards  on  the  middle  of  the  Tie-rod,  which  is 
thereby  converted  into  a  **  Beam  "  (and  may  therefore  with  propriety  be  called  a  *'  Tie- 
beam"}.   Sachaframe-workhowflV6rcaiMo<ivttAa»ypr<'|M^<yte<»ii^a*'  Trust", 
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and  such  a  constraction  is  very  mifayorable  toeoonomj  of  maierudy  and  dhoiild  mij 
be  Ufled  for  temporary  stmctares  which  from  local  necessities  may  haTe  to  be  made  of 
unseasoned  wood  when  wood  is  plentiful,  and  good  carpentry  not  obtainable.* 

684.    Reaulu  of  Art.  582  collected  for  reference. 
S'  =  S*  =  ^  .  coseo  f,  (ThruBt  on  Struts), (1). 

K  ==  ^  +  w',  (Tension  of  King-rod),  (2). 

T/  =  T/  =  i  (y.  +  w  +  w')  cosec  i ,  (Thruston  Rafter  top-Begin6nti),(^ 

T;  =  T/  =  f^  +  ~^)  .cosecf ,  (ThrostonBafter  lower  8^rQientS),(4> 

H'  =  ff  =  (^+  !1±Z:^ .  cot  t,  (Tension  of  Tie-rod), (5). 

Vertical  Pressure  on  eachWall=  }(W+  w  +  w*), (Q, 


Ex.  2.    Symmetrical  Queen-Fost  Truss  under  Symmetric  vertical  Load. 

Fig.  15. 

(»t) 


585.  Description.— A'Y\  A'^V  the  Rafters  of  equal  length  A'Vi::  L= A'V. 
A'A^'  the  Tie-rod,  horizontal ;  A'A'^  the  span  =  2c. 

*  e»y.,  in  HiU-ompalgnB  in  India. 
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CM',  CM"  the  Qaeen-n>ds,  vertical,  trisecting  the  Tie-rod  in  M',  M*'. 

C'C  the  Straining-beam,  horizontal. 

M'M'^  the  Straining-sill,  horizontal. 

B'M',  B'^M'^  the  Struts,  which  with  the  Straining-beam  C'C^  trisect 
the  Rafters  in  B',  C,  and  B*',  C,  so  that  B'M',  B^'M"  are  parallel  to 
VA',  VA'',  respectively. 

N.B.  See  Remarks  in  Art.  564  as  to  use  of  open  qnadrilateral  CM'  M^C". 

Notation^  See  Arts.  577  and  578.  The  Total  or  Resultant  Stresses  on 
the  several  bars  composing  the  Frame  are  denoted  in  general  by  the  copt- 
tal  letters  attached,  and  the  partial  Stresses  due  to  the  partial  Load  (at 
the  contiguoas  joint  only)  by  the  corresponding  small  letters. 

Note,  that,  in  strictness  the  weight  of  the  StraiDing-beam  OC  shoald  be  separa' 
tely  estimated  (as  coming  on  the  joints  C,  C),  bat  this  weight  alone  is  so  small 
compared  to  anavoidable  irregnlarities  in  distribation  of  the  Load  W  (supposed  uni- 
form over  A'VA',  see  Art.  577)  that  it  does  not  ^eem  worth  while  increasing  the 
complexity  of  the  investigation  by  introducing  separate  consideration  of  this. 

586.  Step  I.  Load  on  ecmh  Joint. — Under  the  hypotheses  explained 
(Art.  563),  that  each  Bar  is  rigid  between  joints,  and  perfectly  free  at  the 
j.oints,  and  as  the  segments  of  the  rafters  are  all  equal,  the  Load  borne  by 

each  rafter-segment  is  ^  of  the  whole  weight  of  roofing,  t.  e.  =  -^,  also 

(Eq.  5,  Art.  570),  each  rafter-joint  bears  \  of  the  Load  on  each  contigu^ 
ous  rafter-segment  together  with  any  load  directly  supported ;  thus 

Load  at  V  is  i  (Load  on  VC  and  >  _,  /^  .    W\  __  /W  v 

VC)  +  Direct  Load  w         J— tV6+6>/+^— V6+^^ 

Load  at  C  or  C",  B'  or  B''  is  1       .  /  W       W\  _    W 

J  (Load  on  two  rafter-segments)  j       *  V'g'  •"   6  /  —     6 

Load  at  A' or  A"  is  )-_i      W  W 

J(Load on  A'B'  or  A*'  BO        f "" *  '  T  =  "12 

Load  at  M'  or  M"  is  w* 

Also  since  the  Roof  is  symmetrical  and  symmetrically  loaded,  the  Re- 
actions at  the  supports  are  each  one-half  of  the  Total  Load,  t.  e.. 

Re-action  at  A'  or  A*  =  ^  (W  +  w  +  2w')  =  ^t^  +  W 

Also  Sum  of  Load  at  joints  =  (-6"  +  ^)   +  4-  — +  2.!^+2w= 

=  (W  +  w  +  2  w')  =  Total  Load, 


«.. 
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which  is  a  test  of  the  correctness  of  iSie  Mflignmeatof  Loads  to  the  joSnte 
Qee  Eq.  7,  Art.  572). 

N,B, — These  Results  might  of  course  have  been  deriyed  direct  from  £q.  (15)  and 
(16)  of  Art.  578,  bat  it  is  considered  better  for  the  Stadent  to  Exerdae  hinMMJf  a 
deriving  them  from  first  principles. 

587.     Step  n.    Resolution  of  the  Load  at  each  joint. -^ 

w 

(1).    At  joint  B\ — The  yertical  Load  —  at  B'  is  supported  by  the 

Tesistances  </,  S^  of  the  bars  A'B',  M'B',  which  resbtances  are  clearly 
thrusts,  becaase  the  Load  compresses  both  Bars,  and  are  moreorer  equal 
because  the  Bars  are  equally  inclined  to  the  Load,  also  the  sum  of  their 

vertically  resolved  parts  is  clearly  equal  to  the  Load  -^,  which  they  sap- 

port,  t.  6., 

(/;.  cos  b'B'A'  +  S'  cos  b'B'W)  =  2t,'.  cos  b'WA'  =  2^  sin »  =  ^ 

/.  <;  =  S'  =  g.  cosec  •  (7). 

(2).    At  joint  B*'. — By  similar  reasoning 

f,^  =  S^  =  r^-  cosec  t  (both  thrusts)  •• (7). 

(3).  At  joint  M'  or  M''. — The  thrusts  S',  S'  along  the  struts  produce 
horizontal  thrusts  on  the  straining-sill  M^M^,  and  yertical  tensile  stresses 
on  the  queen-rods. 

The  horizontal  thrusts  produced  in  the  straining -sill  by  the  thrusts  S', 
8^,  are  clearly  equal  to  the  horizontally-resolved  parts  of  S',  S"  respect- 
ively, viz.,  S' .  cos  I,  and  S"  cos  i,  or  from  <7) 

h  =-^2  ^^^  ^  *^  ^^^^  ^^^^ (^)* 

N.B, — This  equality  of  the  horizontal  throats  prodaced  in  the  straining-sill  by  the 
throsts  S',  S"  might  have  been  foreseen,  being  clearly  necessary  to  the  eqailibriom 
of  the  bar  M'M',  and  forms  a  check  on  the  correctness  of  the  investigation  so  far. 

The  vertical  tensile  stresses  along  the  queen-rods  due  to  the  thrusts  S' 
6'^  along  the  struts  are  clearly  equal  to  the  vertically-res<^ved  parts  of 

6',  S"  that  is  to  S'  sin  i  and  S*^  sin  i  respectively,  each  of  which  =  —  by  (7). 

These  vertical  tensile  stresses  (due  to  the  thrusts  down  the  struts) 
together  with  the  direct  loads  (wO  borne  at  M'  <er  M'^  make  up  the  whole 
tensile  stresses  on  the  queen- rods,  thus — 
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Q'  =  Q'  =  ^+  w    (9). 

(4).     At  joint  C  or  C'.^The  tensile  stresses  Q',  Q''  on  the  qneen-rods 

produce  a  pull  Q',  or  Q"  on  the  points  C,  C"  which  together  with  the 

W 

direct  Loads  —  (see  Step  I),  make  np  a 

Total  Load  on  C  or  C^  of  (^  +  Q'orQ')  =  ^  +  ^  +  w'= J+ w'. 

Now  the  vertical  Load  on  C  is  supported  by  the  resistances  ^,',  ho  (suppose) 
of  the  bar^  B'C,  G^C  which  resistances  are  both  thrusts  beause  the  Load 

(TIT 

in  equilibrio  at  C,  each  is  proportional  to  the  sine  of  the  angle  between  tha 
other  two,  t.  e., 

VT  +  ^  J  '  ^»'  •  **»  =  ^^^  ^'^'^  '  ®^^  CrC'M' :  sin  ACM* 

=  sin  f :  1  :.  cos  t 

/.  V  =  (f  +  ^')  •  ^sec  r=  ^j"  (for  similar  reasons) (10), 

*o  ==  (^  +  w')  .  cot  I  (IIX 

Note, — It  it  particularly  to  he  observed  that  this  last  stress  ^  is  f^  FesuUafit 
Thrvtt  along  the  straining-beam  OCj  that  is  to  saj,  the  excess  of  the  Thmtt  alon^ 
CC — considered  as  a  straining-beam  to  the  lower  Tmss  A*CC'A'  due  to  the  l^kole 
Load  on  the  Truss— over  the  Teneion  along  CC  considered  as  the  tie-rod  of  the  small 
Trass  C'VC»  under  the  tupposition  that  the  Truss  is  so  framed  together  that  the 
same  bar  C'C  really  receives  both  Stresses. 

If  however  (as  is  often  the  case)  the  Truss  be  so  framed  that  one  bar  CC  is  the 
tie-rod  of  the  Truss  C'VC  and  another  bar  CC  is  the  straining-beam  of  the  lower 
Truss  A'C'CA',  then  the  Stress  on  each  must  be  separately  investigated  as  follows  :— 

W 
(1),    The  tmss  CVC  carries  a  uniform  Load  —  on  each  rafter-segment,  and  a 

Load  w  direct  on  its  vertex  Y,  which  under  the  usual  h3rpothesis  (bars  rigid  betweeo 
joints,  and  joints  perfectly  free)  are  equivalent  to  Loads  at  the  joints  as  follows :— 

(mju  ^ 

-T-  +  w)  at  V  pro- 
duces Thrusts  T,',T,',  along  the  rafters  VC,  VC,  vii.. 

Also  these  Thrusts  T,',T,',  produce  a  horizontal  tension  on  the  tie-rod  CC  clearly 
«  equal  to  their  horizontally  resolved  parts,  i.  e,. 


W 
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Tension  of  tie-rod  C'C  (of  Truss  CTC), 

A,   =  T,'  cos  i  =  T,"  cost  =  (^  +  ^) cot t (U-JX 

and  also  produce  a  vertical  prcssxire  on  the  joints  C,  C*  of  the  lower  Trass  dearlj 
equal  to  their  vertically  resolved  parts,  i.  e., 

/W       W\ 

Vertical  pressure  on  C,  C*  (from  load  on  V)  =  T/  sin  t  =  T,"  sin  i  =  ^—  +  —  j. 

(2).    The  total  Load  on  the  joints  C,  C*  of  the  lower  Trusg  will  therefore  he—  (direct 

(W      W\ 

to  he  transferred  from  V  through  the  rafters  VC,  VC'  (/n  ronsrqnenee  of  the  upper 
truss  C'VC  being  a  separate  and  independent  truss  from  the  lower  A'C'C'A'),  t.  e.» 
Total  Load  on  C,C  (joints  of  lower  truss  A'CCTA') 

Also  this  load  may  (precisely  as  in  para.  4)  be  shown  to  produce  Stresses  along  the 
straining-beam  and  rafters  as  follows  : — 

Thrust  along  straining-beam  (of  Truss  A'C'CTAO,  A.  =  I -j  +  §  +^J  «>*«i(ll-") 
Thrust  along  rafter  C'B'  or  CB\  vii,  Ta'  or  T,"  =   ^—  +  ^  +  w']  oosec  t,(13). 

N,B,— It  should  now  be  noticed  that  the  results  (12)  and  (13)  obtained  by  this 
method  agree  exactly  with  those  (12)  and  (13)  obtained  in  paras.  (5)  and  (6)  ;  also 
that  the  result  (11)  obtained  in  para.  (4)  v.  supra  for  the  Resultant  Thrust  (Ao  = 

I  -J-  -|-  w'  I  cot  i)  along  C'C  if  so  framed  as  to  be  a  piece  of  both  trasses  CVO 

and  A'C'CA''  is  the  excess  of  h^  the  Thrust  along  C'C*  considered  as  straining-beam 
of  the  Truss  A'C'CA'  over  A„  the  Tension  along  C'C^  considered  as  tie-rod  of  the 
Truss  ever  ;    for  sec  Results  (11-ii)  and  (11-i) 

^-A,=  [^+^  +  w'J  cot.-  [5+^^cot.=:(J  +  w').cot,=*.,(n). 

Note. — This  accordance  of  the  results  (11),  (12),  (13)  obtained  in  cither  manner  has 
been  detailed  at  length,  as  Students  are  apt  to  confuse  and  mix  the  two  methods.* 
If  the  two  suppositions,  viz.  : — 

(1).  (As  adopted  iu  the  text)  that  the  bar  C'C  is  so  framed  as  to  act  both  as 
straining-beam  of  the  lower  truss  AT/CA",  and  as  tie-rod  of  the  small 
truss  C  VC", 
(2).  (As  adopted  in  the  small-type  note)  that  the  truss  A'C'C*A'  has  a  straining- 
beam  C'C,  and  that  the  small  truss  C'VC  has  a  separate  tie-rod  C'C*  (not 
shown  in  the  figure),  being  thus  an  independent  truss  simply  placed  on 
the  lower, 
be  carefully  borne  in  mind  throughout,  no  dificulty  should  arise. 

The  Stiulcnt  is  recommended  to  compare  the  result  obtained  by  the  **  Polygonal 
Method  ",  Ex.  10  of  method  ii. 


*  This  mistake  was  made  in  previons  editions  both  of  the  "  Roorkoc  Treatiae  on  Civil  Engineer^ 
ing  in  India, "  and  Tliomoaon  C.  E.  College  Manual,  No.  ZI.,  on  "  Carpentry. 
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(5).    At  joint  V. — The  Load  (—  +  w  ^  at  Vis  snpported  by  the  two 

resistances  T/,  Tj*  of  the  bars  VC,  VC,  "which  resistances  are  clearly 
both  thrusts,  because  the  Load  compresses  both  bars,  and  are,  moreover, 
equal,  because  the  bars  are  equally  inclined  to  the  Load ;  also  the  sum  of 
their  vertically  resolved  parts  is  clearly  equal  to  the  Load  which  they 
support,  thns 
CT/.  cos  vVA'  +  Tj''.  cos  vVA'^)  =  2T/  cos  rVA'  =  2T/  sin  i  =  ^  +  w 

...  T/  =  V  =  (tI  +  t)  ^^«^°  * (12). 

(6).  Total  Stresses  along  middle  and  lower  rajter-segments, — The 
Thrusts  T/,  T/'  along  VC,  VC  are  clearly  transmitted  unaltered  down 
the  whole  length  of  the  rafter  segments  C'A'  and  CA*',  respectively ; 
also  the  thrusts  //,  //,  see  Eq.  (10)  along  the  rafter- segments  C'B',  C'B" 
are  transmitted  unaltered  down  B'A',  B'A*  respectively ;  thus  the  whole 
thrusts  down  middle  and  lower  rafter-segments  become 

T/  =  T/  =  ^;  +  T/  =  (^  +w')  cosec  •  +  (J  +  -=-)cosec.-  = 

(-3-  +  ^  +  w')  cosec  t  (18). 

T;  =  T/  =  f/  +  t/  +  T/  =  ^  cosec  «  +  (^  +  W)  cosec  t  + 
/  W         w  \  .         rs  W    ,    w    ,       A  .  ... 

I  ii"  ■*■  T  )  ^^^^^  *^  VTT  +  T  +  ^J  ^^®®°  * (^^5' 

(7).  Stress  on  Tie-Rod  A' A''.— These  last  total  thrusts  T/,  T,''  down 
the  rafter-segments,  B'A',  B^'A*'  produce  a  horizontal  tensile  Stress  H',  H" 
on  the  Tie-rod  segments  A'M',  A^'M'',  and  a  vertical  pressure  on  the  walls 
at  A',  A'^.  The  horizontal  pulls  H',  H*'  are  clearly  equal  to  the  horizon- 
tally resolved  parts  of  the  thrusts  T,',  T/  respectively,  thus 

H'  =  T;  .  cos  I,   H''  =  T,'.  cos  t. 


/.  H'  =  H''  = 


'6W    .     w 


'  =  °"  =  [t^  +  T  +  ^0  •  ''''*  *'  ^'"""^  (^^^  (1^^- 


N.B. — This  equality  of  the  horizontal  stresses  H',  H'  on  the  tie-rod  segments  might 
have  been  foreseen,  as  it  is  clearly  necessary  to  the  equilibrium  of  the  whole  tie-rod : 
thus  there  is  a  tension  throughout  the  whole  tie-rod, 

12    •     2 

This  equality  affords  a  check  on  the  inyestigation. 

VOL.    I. — THIRD  EDITION.  4   A 


n'  =  H  =  H'  =  f^  +  ^+w').cot.-, (16). 
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(8).    Eesultant  Stress  along  middle  of  tie-rod  WW^. — It  has  jast  beea 

explained  that  there  is  a  tension  H  =  (  Tq'  "1"  "o"  "i*  ^  i  -  ^^^  h  throogh- 

ont  the  tie-rod,  and  there  was  shown  to  be  a  Thrust  h  =  —-  cot  t,  {see 
Eq.  (8),  along  the  straining-sill  M'M'^  (due  to  the  struts  abutting  at  its 
ends).  If,  however,  the  feet  of  the  stmts  abut  in  the  tie-rod  itself^  so  that 
the  portion  M'M''  receives  the  thrust  of  the  struts,  (the  straining  sill  being 
in  this  case  dispensed  with,  as  a  separate  piece,)  then  that  portion  M'M' 
is  relieved  of  a  part  of  its  tension  H  by  the  Thrust  h  from  the  stmts,  so 
that  in  this  case, 

Besnltant  tenraon  along  middle  (M'M")  of  tie-rod  =  H  —  A  ^ 

=  [t  +  T  +  w']  .cot.- (16). 

Note.'^Bj  this  manner  of  framing,  the  Resultant  stress  along  M'M'  is  lest  than 
when  a  separate  stndning-sill  is  nsed,  so  that  a  lighter  teantling  may  be  used  for  this 
portion  of  the  tie-rod  and  the  whole  tmss  is  lightened  bj  the  absence  of  the  straining- 
sill.  This  is  a  matter  of  some  importance  ta  large  trusses  (especiallj  in  iron-work): 
in  wooden  trusses  the  tie-rods  are  ta  practice  made  of  much  larger  scantling  than 
actoallj  required  to  resist  the  actual  Tensions,  so  that  it  is  of  little  importance  in 
woodwork. 

(9.)  Vertical  Pressure  on  the  Walls.— The  Thrusts  T,',  T,*  down  the 
rafter-segments  B'A',  B'^A''  produce  a  vertical  pressure  on  the  walls  at 
A',  A''  clearly  equal  to  their  vertically  resolved  parts,  t.  e.  =  T/.  sin  i 

=  T," .  sin  t  =  (  ^  +  ^  +  w  )  from  (14).  These  together  with  -^ 

shown  in  Step  1.  to  be  borne  directly  «t  A',  A^  make  up  a 

Total  Vertical  Load  at  A',  A''  =  (^  +  ^  +  w')  +  Z 

=  Re-action  at  A'  or  A''  (see  Step  1.) (17). 

an  equality  which  is  clearly  necessary  (Art.  571).    This  last  step  affords 
a  valuable  check  {which  should  never  be  neglected)  on  the  investigation* 

588,  iismarks  on  terms  Queen-rodf  Xle^od, — The  same  remarks  as  on  the  terms 
King-rod,  Tie-rod  under  the  King^post  truss,  applj  to  this  case  (changing  the  weeds 
King  and  Queen). 

689-     Kesults  of  Art.  587  collected  for  reference. 

W 
S'  =  S"  =  jg  cosec  i,  (Thrust  on  struts), (7). 
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W 

h=  —cot  t,  (Thrust  on  Strainmg-eill), (8) 

w 

Q'  =  0*  =  _  +  V,  (Teiwion  of  Qiieen-rods), (9). 

^0  =  ( -j-  +  w'j  cot  I,  (Resultant  Thrust  on  strain-  \f^^x 
ing-beam), J 

Tj'  =  T/  =  ^  ^  +  Zl  ^  cosec  t,  (Thrust  on  Rafter  top-1  .^gv 

segments),  J 

T,'  =  T/  =    r^  +  Z  +  w'  1  cosec  t,  (Thrust  on  Rafter! 

mid^segments),  J 


T,'  =  T,'  =  (4r+T  +  ^')  cosec  t,  (Thrust  on Raf- )  ^^ 

ter  lower  segments), *•• j 

=  H'=  H*  =   Q^  +  T  +  ^'  )^^*  ''  (Tension  of  Main  ) 

Tie-rod), J  ^ 

H  —  A  =  f  —  -I-  -g-  +  ''^J  cot  t,  (Resultant  tension  of  )  ^^ 

Middle  of  main  Tie-rod) j 

Vertical  pressure  on  each  wall  =  — ^ —  +  w'  (17). 


Method  ii,  or  "  Polygonal  "  Method. 

590.  Polygon  of  Forces. — This  method  depends  on  the  continual 
application  of  the  theorem  of  the  "  Polygon  of  Forces"  which,  as  required 
for  this  Method,  may  be  thus  stated : — 

1°.  "  If  a  system  of  forces  is  in  equilibrium,  the  set  of  lines  draton 
in  succession  to  represent  the  forces  (t.  «.,  proportional  to  their  magni- 
tudes, and  parallel  to  their  directions)  will  form  a  closed  polygon  ". 

2°.  Conversely,  "  If  a  system  of  forces  is  in  equilibrium,  and  a  closed 
polygon  be  formed  by  drawing  a  set  of  lines  in  succession  to  represent  (t.e., 
parallel  to  the  directions  of  and  proportional  to  the  magnitudes  of)  all 
but  two  of  the  forces,  and  two  additional  lines  (to  close  the  polygon) 
parallel  to  the  remaining  two  forces,  then  these  two  closing  lines  will  re- 
present the  two  remaining  forces  (i.  c,  in  magnitude  as  well  as  in  direction)". 

N.B. — It  is  particularly  to  be  noticed  that  the  last  theorem  (2®)  is 
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not  tmo  for  more  than  two  forces  omitted,  inssmnch  as  manj  nk 
polygons  could  be  drawn  (as  will  be  easily  seen  bj  actaal  trial),  sotiial 
the  construction  of  the  polygon  would  be  indeterminate.  This  correspoadi 
with  the  statement  in  Art.  576,  that  the  Problem  of  finding  more  than  two 
unknown  stresses  at  any  one  joint  is  indeterminate. 

59L  Frame-diagranu— Stress-diagram — This  Theorem  is  thiis 
applied  :  It  will  be  remembered  (see  Art.  574)  that  the  method  is  eseao- 
ally  a  graphic  one.  In  the  first  place  a  skeleton  diagram  of  the  Tna 
should  be  drawn  to  scale;  this  is  called  the  "  Frame- diagram".  Hm 
figure  (reciprocal  to  the  Frame-diagram),  whose  constmction  is  aboQt  to 
be  explained,  will  represent  the  system  of  external  LfOads  and  of  Stresses 
in  the  bars  of  the  Truss :  this  is  called  the  '*  Stress-diagram  ".  The  con- 
struction of  the  Stress-diagram  consists  of  two  steps  corresponding  to  the 
two  steps  previously  detailed,  Art.  5G5. 

Step  I. — Construction  of  "  Polygon  of  Loads  "  representing  the  "Eqni- 
valent  Loads  at  the  Joints  *'  of  Step  I.  (Arts.  566  to  572  and  593). 

Step  II. — Resolution  of  Loads  at  the  joints  by  constmction  of  cl(ad 
Polygons  of  Loads  and  Stresses  representing  the  whole  system  of 
forces  in  equilibrium  at  each  joint  in  succession.  (Arts.  573  574, 
and  503). 

592.  Step  I.  Polygon  of  Loads.— The  system  of  external  forees, 
and  therefore  the  Equivalent  Loads  at  the  joints  as  found  in  Step  I.  An. 
56C  to  570,  q.  v.,  together  with  the  Re-actions  of  the  Supports  form  a  s^ 
tem  in  equilibrium,  and  can  therefore  be  represented  (Art.  590  Prop.  V^ 
by  a  set  of  lines  forming  a  closed  polygon. 

The  first  stop,  then,  is  to  draw  a  closed  polygon  representing  on  inj 
scale  the  system  of  external  forces,  (j.  e.,  a  set  of  lines  drawn  in  successios 
parallel  to  their  directions  and  proportional  to  their  magnitudes).  This 
diagram  is  called  the  "  Polygon  of  Loads  ". 

N,B. — In  actual  application  to  Koof  Trusses,  the  external  forces  ait 
(.see  Art.  5G7)  commonly  a  system  of  "  parallel  forces,"  viz.  either  a  srs- 
tem  of  Vertical  Loads,  being  the  Tveights  of  the  Tarious  portions  of  the 
Structure,  or  a  system  of  Pressures  (due  to  Wind,  as  previously  explained) 
normal  to  the  rafters,  together  with  the  vertical  or  normal  He-actions  res- 
pectively. The  "  Polygon  of  Loads  *'  corresponding  to  a  system  of 
*' Parallel  Forces*' is  clearly  simply  a  \)q!\t  oi  overlapping  straight  lines, 
which  in  this  case  may  be  called  the  ^^  Load  Line  ". 
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This  will  be  repeatedly  exemplified  in  the  examples  which  follow  :  the 
8tadent  is  recommended  to  refer  at  once  to  Step  I.  of  anj  of  these  exam-  • 
pies  to  illustrate  the  method  of  drawing  the  **  Polygon  of  Loads  ". 

To  indicate  distinctly  to  the  tye  that  the  pair  of  overlapping  lines  which 
constitute  the  ''  Polygon  of  Loads  "  for  the  ordinary  case  of  Loads  and 
Re-actions  all  vertical,  or  all  normal  (to  the  roofing),  are  really  in  the  limit 
a  *^  closed  polygon  ",  it  will  be  convenient  in  the  diagram  to  separate  the 
Re-actions  slightly  from  the  Loads  so  that  the  whole  system  of  Loads 
and  Re-actions  may  form  a  closed  polygon  obvious  to  the  eye  (though  it 
must  be  distinctly  remembered  that  the  Loads  and  Re-actions_^are  really 
parallel),  see  any  Example  following. 

593.  Step  IL  Resolution  of  Loads  at  the  joints. — The  second 
Theorem  (Art.  590,  2°)  of  the  "  Polygon  of  Forces  "  is  thus  applied  :— 

A  closed  polygon  is  to  be  drawn  upon  the  ^^  Polygon  of  Loads  *^  for  each 
joint  in  succession  (commencing  from  both  abutments)  representing  the 
whole  system  of  forces  (including  both  external  Load,  Re-actions  at  Sup- 
ports, and  Stresses  in  the  Bars  of  the  Truss)  in  equilibrium  at  that  joint, 
according  to  the  second  Theorem  (Art.  590,  2°)  of  the  "  Polygon  of 
Forces"). 

It  will  be  found  that  the  polygon  drawn  for  each  joint  aids  in  the  con- 
struction of  the  polygon  for  the  following  joint,  and  that  the  final  Stress- 
diagram  consists  of  the  originally  drawn  '^  Polygon  of  Loads",  and  of  a 
network  of  lines  drawn  in  succession  upon  a  regular  principle,  representing 
upon  the  same  scale  as  chosen  for  the  "  Polygon  of  Loads",  the  Total 
or  Resultant  Stresses  required ;  and  that  although  the  finished  Stress- 
diagram  for  complicated  Roof-Truss  may  appear  a  somewhat  intricate 
network  of  lines,  still  the  principle  of  construction  is  remarkably  simple 
and  easy  of  application  when  once  thoroughly  understood. 

The  character  of  the  Stress  on  each  Bar,  (t.  e.,  whether  Tensile  or  Com- 
pressive,) is  indicated  in  the  simplest  manner,  viz.,  by  the  direction  in  which 
the  pencil  travels  in  the  act  of  drawing  tlie  lines  representing  the  Forces 
taken  in  order  at  each  joint.  Moreover,  trigonometrical  formulas  for  the 
Stresses  are  easily  deduced  from  the  Stress-diagram  (even  if  not  drawn 
to  scale). 

All  this  will  be  better  understood  from  study  of  the  examples  which 
follow,  to  which  the  Student  is  recommended  to  refer  at  once,  than  from 
any  general  explanation. 
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594.  Check  on  the  investigation. — One  of  the  advantages  of 
the  Stress-diagram  is  that  it  Decessarilj  contains  an  excellent  check  an  its 
own  accuracy  (if  drawn  to  scale).    The  check  consists  of  two  parts : — 

lat.  The  "  closed  polygon  "  for  the  last  point  but  one  should  in  gene- 
ral close  in  such  a  manner  that  some  of  its  lines  should  close  on  preyioiia- 
Ij  fixed  points. 

2nd,  When  the  "  closed  polygons  "  have  been  drawn  for  all  the  points 
but  one,  it  will  be  found  that  the  '^  closed  Polygon  '*  for  the  last  point  is 
also  complete. 

If  both  these  conditions  are  not  satisfied,  this  indicates  either  (1)  that 
equilibrium  (under  the  preliminary  hypothesis)  is  impossible*  under  the 
particular  loading ;  pr  (2),  that  the  investigation  is  incorrect ;  or  (3),  that 
the  diagram  is  inaccurately  drawn. 

If  both  these  conditions  are  satisfied,  this  indicates 

(1).    That  equilibrium  is  possible. 

(2).    That  the  investigation  is  correct. 

(3).     That  the  drawing  is  accurate. 

695.  Stre88-dia.gram8  for  Vertical  Load  and  Normal  LoacL—As 
already  indicated  in  Art.  567,  the  Loads  on  Boofs  naturally  divide  them- 
selves into  two  sets. — (1),  the  Vertical  Load,  and  (2),  the  Normal  Load; 
and  it  is  not  convenient  to  apply  the  method  to  both  at  once.  Hence  two 
distinct  Stress-diagrams  must  bo  drawn,  one  for  each  system  of  Load.  Li 
consequence  of  the  vertical  Load  being  usually  symmetrically  distributed 
over  the  Roof,  and  the  Normal  Load  distributed  over  one  side  only,  the 
Stress-diagram  for  Vertical  Load  will  usually  be  found  much  easier  of 
execution  in  consequence  of  its  symmetry,  than  that  for  Normal  Load, 
which  frequently  assumes  strange  and  unexpected  shapes,  A  glance  at 
the  Stress-diagrams  which  follow  will  at  once  show  this.  Nevertheless, 
the  principle  of  construction  of  each  is  precisely  the  same. 

Moreover,  in  unsymmetrical  Roofs  the  Stresses  due  to  Wind  blowing 
trom  right  or  left  will  be  different,  so  that  separate  Stress-diagrams  will 
be  required. 

In  symmetrical  Roofs,  one  Stress-diagram  will  suffice  as  the  Stress  on 
Bars  similarly  situate  with  respect  to  the  Winds  can  be  inferred  to  be  alike, 

596.    Total  Working  Stress  (see  Art.  456).— Tlie  fundamental 

*  A  good  instAncc  of  this  will  be  seen  in  the  Construction  of  the  Stress-diagram  for  Normil  Load 
of  Ex.  10. 
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principle  of  '^  Design"  is  that  every  portion  of  a  Stractnre  must  be  able 
to  bear  the  greatest  Stress  to  which  it  can  be  exposed,  and  most  also  be 
able  to  bear  at  all  times  the  *  Permanent  Stresses '. 

Now  the  Accidental  Load  being  due  to  Wind  which  blows  yrom  only  one 
quarter  at  a  time  produces  effects,  t.  e.,  Stresses,  differing  generally  in 
Magnitude,  and  sometimes  even  in  Character  (as  to  Tension  or  Thrust) 
according  as  it  blows  from  either  side,  and  therefore  sometimes  different 
in  character  to  the  Permanent  Stresses. 

Hence  the  following  important  result : — '^  The  Workimq  Stress  on  any 
bar  must  be  considered  as  the  '  Permanent  Stress '  together  with  either 
that '  Accidental  Stress '  which  is  of  the  same  character,  or  the  greater 
of  the  two  'Accidental  Stresses'  when  both  are  of  the  same  character 
with  it;  or,  lastly,  simply  as  the  '  Permanent  Stress'  when  both  '  Acciden- 
tal Stresses  *  are  of  opposite  character  to  the  '  Permanent  Stress '. 

In  certain  exceptional  cases  of  very  light  Roofs  in  which,  therefore,  the 
Permanent  and  Accidental  Loads  are  more  nearly  equal,  it  may  happen 
that  the  Resultant  Stress  on  certain  bars,  t.  «.,  the  '^  Difference  between 
the  Permanent  Stress  and  the  greater  of  the  two  Accidental  Stresses  "  is  of 
opposite  character  to  the  Permanent  Stress.  In  this  case  these  Bars  must 
of  course  be  designed  to  bear  Working  Stresses  of  both  characters,  (Tension 
and  Thrust)  one  of  which  is  equal  to  the  Permanent  Stress,  and  the  other 
to  the  Besultant  Stress  just  indicated. 

Instances  of  like  natnre,  in  which  certain  parts  of  a  Stmctare  have  to  be  designed 
to  bear  a  Stress  sometimes  Tensile,  sometimes  Crashing,  occor  frequently  in  Large 
Girders,  in  which,  as  will  be  explained  hereafter,  the  Braces  near  the  middle  of  the 
Girder  are  sometimes  in  Tension,  sometimes  in  Compression,  according  to  the  position 
of  the  Rolling  or  Live  Load,  the  Lire  Load  in  this  case  of  a  Roof  being  of  cooiso  the 
Wind  itself. 


Examples  of  Method  ii. 

597.  As  it  is  wished  to  make  this  Treatise  available  as  a  work  of 
reference  (as  well  as  a  mere  Text-book  for  Students)  the  Stress- diagrams 
for  a  great  many  of  the  ordinary  forms  of  Hoof  Trusses  have  been  drawn 
to  scale,  and  are  here  inserted  with  sufficient  descriptiye  letter-press  to 
make  them  intelligible,  and  with  the  General  Formulae  in  each  case. 

For  the  sake  of  the  Student  the  method  of  constructing  the  Stress  dia- 
grams has  in  a  few  cases  (Ex.  1,  2,  5, 10)  been  very  fully  explained,  and  in 
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the  remainder  the  ontline  only  of  the  Steps  necessary  is  indicated.  The 
Student  is  recommended  to  thoroughly  master  the  method  explained  in 
Ex.  1  and  2,  and  then  endeavor  to  construct  the  remainder  himself,  using 
the  printed  Stress-diagrams  only  as  a  guide. 

Spans. — The  Span  figured  on  each  Frame-diagram  may  he  taken  as 
heing  about  that  for  which  that  Truss  is  suited. 

Timber  and  Iron, — Figs,  16,  19,  25  are  examples  of  Trusses  suitable  for 
Timber,  and  Figs,  18  to  24  for  Iron. 

Direct  Stresses, — The  External  Loads  are  in  these  examples  supposed 
applied  to  the  Principal  Rafters  by  Purlins  at  each  joint  only,  so  that 
the  Principal  Eafters  are  not  subject  to  Transverse  Strain  (see  Art.  560), 
and  the  Problem  is  limited  to  that  of  finding  the  Direct  Stresses  (see 
Art.  5G2  (1) ). 

Oeneral  Notation, — See  Arts.  577,  678. 

Intervals  of  Trusses^  Loads,  Scales,  Slopes, — For  facility  of  compari- 
son the  Slopes  of  Rafters  (i),  Interval  between  Trusses  (B),  Intensity  of 
Loading  {w  and  w'\  and  Scales,  have  been  taken  the  same  in  all  the  ex- 
amples of  this  method,  as  follows  : — 

Inclination  of  rafters,  t  =  tan-*  |  =  about  36®  62',  being  such  that  the 
"  Rise  "  of  the  Roof  {k),  the  Semi-span  (c),  and  the  Rafter  (L)  form  the 
well  known  right-angled  triangle  whose  sides  are  A: :  c  :  L  =  3  :  4  :  5, 
so  that  the  dimensions  of  the  roof  are  easily  calculated  in  round  nnmbers. 

Hence  cot  i  =  $ ,  cosec  i=^  ,  sec  i  =  J ,  cot  2i  =  -^,  cosec  2t  =  |^ 

Also  L  =  Jc   =  f  X  Span  (in  feet). 

Int€i%'al  between  Tnissses,  B  =  10  feet,  throughout. 

Vertical  Load-ijitensity  {w),  a  uniformly-distributed  Load  all  over  the 
roof  of 

40  lbs.  per  square  foot,  weight  of  roofing,  1     .         ka  iv 

5  ft)S.  „  „         rafters,  purlr'-"  ^-    ^   "  ^^'  —  ^^  ^^' 


5  lbs.  „  ,, 


•lins,  &c.,  >  '  • 
lin,  &c.,    J      ^     *" 


absorbed  rain,  &c,    J      P"  ^l"*'"*'  <■»«*• 
Load  at  vertex  of  truss  (w)  carried  by  ridge  polo  =  500  lbs. 
Load  at  tie-rod  joints  (w)  =  1000  lbs. 

Wind'presmre  {see  Art.  5GG)  as  40  lbs.  per  square  foot  of  a  vertical 
surface,  equivalent  to  w  =  30  lbs.  per  square  foot  {see  Table  at  end  of 
Art.  566)  normal  to  roof  of  slope  i  =  36°  52'. 

Hence  W  =  50  x  10'  x  2L  =  1000  x  L  pounds      7  Eq.  (12)  of 
W  =  30  X  10'  X     L  =    300  X  L  pounds       i  Art.  578. 


SirltBSSBB  IN  BOOF  TBt78BBB»  553 

Vertical  Re-actions  in  «^me^r»ca//^Zoadee{  roofs  are  each>  Eq.  (16)  of 

=  J  Load,  V  Art.  578. 

Normal  Re-actions  in  atraight-raftered  symmetric  roofs  ^^  1  p«g   r  18"^  of 
R'  =  W'(l-iseo».)  =  H.W',  \^6i 

5ea2M.— Frame-diagrams  are  on  scale  of  20  feet  to  an  inch. 
Btress-diagrams  (for  Vertical  Load)  are  on  Scale  of  8,000  fibs,  to  an  inch. 
Stress-diagrams  (for  Normal  Load)  are  on  Scale  of  4,000  fibs,  to  an  inch. 
Thus,  for  these  particular  numerical  values  of  w,  w\  w,  V,  t,  all  the 
Stresses  may  be  immediately  taken  off  the  Stress-diagrams  by  mMSuremenl 

from  the  scale. 

N.B.—ln  conseqnence  of  the  Vertical  and  Normal  Loads  being  bo  different  (W  ss 
8^  W)  it  was  impoflsiblo  to  draw  both  on  one  scale  so  as  to  be  distinet  and  also  con- 
fined to  the  limits  of  the  page.  Hence  in  comparing  the  Stresses  doe  to  Vertical  and 
Normal  Loads  in  these  Stress-diagrams,  e.  y.,  in  adding  the  two  Stresses  on  any  Bar 
(as  in  Art  596),  regard  most  be  had  to  the  difference  of  scale. 

Oeneral  i^ormute.— For  purposes  of  general  reference^  the  trigonome- 
trical formnlsd  (when  not  yery  complicated)  are  also  given,  in  a  general 
form  applicable  to  Roofs  of  any  slope :  they  will  be  found  to  be  readily 
dedacible  from  the  Stress-diagrams. 

Diagrams.'-^Ti^o  Diagrams  are  necessary  for  each  distribution  of  Load, 
yiz.,  a  Frame-diagram  for  Step  L,  and  a  Stress-diagram  for  Step  IL,  thus 
four  Diagrams  are  required  for  symmetrical  Roofs,  and  six  Diagrams  for 
unsymmetrical  Roofs,  viz.  (see  Art.  595). 

For  Vertical  Load,  one  Frame-  *and  one  Stress-diagram. 

For  Normal  Load  on         )  /^      -ci  «    j         ox        j* 

Sirnnutrical  Roofe,     |  ^"^  ^"^«-   "»**  °°<'  Stress-diagram. 

For  Normal  Load  on  \  One  Frame-  *and  one  Stress-diagram 

Unsymmetrical  Roofs,  J      for  Wind  on  either  side. 

The  set  of  Diagrams  for  one  Roof  all  bear  the  same  distinguishing  num- 
ber with  the  addition  of  the  letters  (a),  (5),  (c),  {d),  &c.,  to  distinguish 
the  kind  of  Diagram  (t.  e..  Frame-diagram  or  Stress -diagram,  under  Ver- 
tical or  Normal  Load). 

Magnitudes  of  the  Stresses, — These  can  be  calculated  from  the  general 
formulce  given,  or  pbtained  at  once  by  measurement  from  the  Stress-diagrams 
— (a  special  diagram  is  of  course  necessary  for  the  particular  Roof  and 
particular  Loading  proposed  in  any  case) — with  quite  sufficient  accuracy 

•  After  a  little  practice,  9n$  Frame-diagram  can  be  made  to  aerre  for  oU  the  caaes. 
VOL.   I.— THIRD    BDITION.  4  B 
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Jot  practical  purposes.  Calcnlation  from  the  fonnala  is  of  ooane  mne 
exact,  but  this  exactness  is,  in  consequence  of  the  uncertainty  of  mnj 
of  the  data,  quite  unnecessary :  the  magnitudes  of  ihe  Streaaea  an  tmlBj 
required  only  in  round  numbers  in  practice. 

It  has  not  been  thought  necessary  to  give  the  numerical  Talues  of  tfai 
Stresses  in  the  Examples,  except  as  an  illustration  of  the  method  of  oen* 
bining  the  two  Stresses  (Art.  696)  on  each  Bar,  (via.,  1^,  Iliatdiiito 
Vertical  Load ;  2°,  That  due  to  Wind-pressure  on  either  side),  to  as  to 
obtain  the  Total  "Working  Stresses  '*. 

This  has  been  done  only  in  Ex.  1  and  8. 

Example  1. 

Description.'-^A  simple  symmetrical  triangular  Truss  of  16'  span. 
Conditions  and  Notatitm  {see  Arts.  577,  678,  697). — W  =  10,000  lis., 
W'  =  8,000  fibs. 

Construction  for  Vertical  Load. 
Frune-diagram,  Fig.  16  (a).  Strass-diagnunf  JRig.  16  <&}. 


\ 


Step  I.    Equivalent  Loads  at  the  joints  (Arts.  566  to  570,  578). 

w  w 

These  are  clearly  —  at  V,  and  -j-  at  A',  and  A*'. 

•or 

Re-actions  of  supports  (Art.  571). — These  are  clearly  -—  at  A' and  A'. 

Polygon  of  Loads  (Art.  592). — On  any  vertical  line,  as  a'a'^  (rertical 
because  the  Loads  are  vertical,)  take  a" a'  =  W,  the  whole  Load. 

On  a'^a'  set  off  downwards  a^h"  =  ~,  h''b'  =  ^,  h'a'  =  ^^  represent- 
ing the  Vertical  Loads  at  the  joints  A'',  V,  A' ;  a'^a'  is  called  the  Loin 

LINE. 

"y^  TIT 

On  a'a'^  set  off  upwards  a'm  =  — ,  ma"  =  -—,  representing  the  Be* 
actions  at  A',  A'^,  respectiyely. 
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Then  a^b'h'atnb''  is  ft  closed  polygon  representing  all  the  external  yer* 
tical  forces,  which  are  therefore  in  e^il^rium  (Art.  590, 1^) ;  this  is  called 
the  "  Polygon  of  Loads." 

Ji,B, — The  Re-aotioii8  afm,  ma'  haye  been  slightly  tplayed  from  the  "Load  Line  " 
a'a'  (as  explained  in  Art  592)  simplj  to  indicate  clearly  to  the  eye  that  the  really 
overlapping  lines  a'b'b'ay  a'ma"  axe  merely  the  limit  of  a  Polygon. 

Step.  IL  Resolution  of  Loads  at  the  joints  (Art.  593).— Draw  the  "po- 
lygon of  forces"  in  eqnilibrinm  (Art.  590,  2°)  for  each  joint  in  succession* 

W  W 

Joint  A'. — The  forces  are  the  Load  -j-  =s  5'a',  Be-action  —  =  am^ 

and  two  Stresses  H,  T',  whose  directions  only  are  known  (parallel  to 
AA'',  VA). 

Draw  mh  parallel  to  A'A^,  t.  «.,  horizontal. 

Draw  hb'  parallel  to  YA'  through  the  point  h'. 

It  follows  (from  Art.  590,  2"")  that  b'a'mhh'  is  the  closed  polygon  re- 
presenting the  forces  in  eqailibrio  at  the  joint  A'. 

•%  mh  represents  H,  and  being  drawn  from  m  indicatee  Tension  at  A\ 
Kb'  represents  T',  and  being  drawn  towards  5'  indicates  Thrust  on  A\ 

Joint  A". — In  a  precisely  similar  manner,  it  will  be  found  that  ma'b'hm 
is  the  closed  polygon  representing  the  forces  in  equilibrio  at  A^',  thus 

w  w 

ma'  represent  —  the  Re-action,  a^"  represents  the  Load  -j-. 

.*.  b^h  represents  T^,  indicating  Thrust  on  A'^. 
hm  represents  H,  indicatiog  Tension  at  A^« 

Joint  V. — It  will  now  be  seen  that  the  "  Polygon  of  Forces  "  for  V  is 
already  complete.    The  forces  are  -^  the  Load,  and  Stresses  T,  T^ : 

But  b^V  represents  -?-  the  Load, 

b'h  represents  T*,  indicating  Thrust  on  Y, 
hb"  represents  T^,  indicating  Thrust  on  Y. 
Thus  b^b'hb"  is  the  closed  Polygon  of  Forces  in  equilibrium  at  Y. 
•  Chech  on  the  investigation.^^ThQ  closing  of  the  lines  drawn  for  the  joint 
A'^  on  those  preriously  drawn  for  the  joint  A'  and  the  Polygon  for  the 
joint  Y  haying  been  completed  in  the  act  of  drawing  those  for  A',  A^  con- 
stitutes the  perfect  check  alluded  to  in  Art.  594. 

Magnitudes  of  the  Stresses. — If  the  Stress-diagram  be  properly  drawn  to 
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Boale,  then  h^^  hb'^,  hm  represent  T,  V^  H,  respectively ,  on  thai  scale,  tin 

T  s  4166f  fts.  =  T",  H  =  8888^  lbs. 
Oeneral  Formula. — Trigonometrical  formnlie  are  easily  derired  fion 
the  Stress  diagram,  thns : — 

V  =hh'  =  mb'  oosec  t,  1  _  W  ^  to^,.m 

w 

H  =  /im  =  mJ'  cot  i,         =  —  cot  t,  (^Tension), 
On  calculating  these  numerically  for  any  particalar  loading  they  wiD  of 
course  be  found  exactly  the  same  as  the  ralues  obtidned  by  meaanremeat 
from  the  scale. 

Character  of  Stress  (Art.  598). — Observe  that  the  directum  in  which 
the  lines  representing  the  Stresses  are  drawn  indicates  the  character  {u 
Tension  or  Thrust)  of  the  Stress,  and  that  the  Theorem  (Art.  590)  of  the 
polygon  of  forces  requires  that  the  sides  of  the  polygon  be  taken  in  order. 
Thus  b'amhb\  ma^b^hm^  b^b'hb"  are  the  polygons  for  the  jointa  A',  A', 
V,  respectively,  so  that 

H  is  represented  by  mA,  hm  at  the  joints  A',  A',  respectivdy. 
r  „  A5',  Vh  „  A',  V 

T  „  VKhb'         „  A^V 

CoMtructicn  for  Normal  Load. 
Frame^Uagram,  Hg.  16  (0).  Stress-diagram,  Pig.  16  (4). 


y> 


Step  I.    E^ivalmt  Loads  at  the  joints  (Arte.  666  to  570,  578).— 

w  w 

These  are  clearly  -^  at  V  and  —  at  A'  (the  Wind  being  Bopposed  blow- 

ing  from  the  right,  t.  «.,  on  Bafter  VA'). 

Ee-actiona  of  supports.  (Arts.  571,  578). — These  are 
R'  =  ii  W  at  A';  R^  =  |^  Wat  A^ 

Polygon  of  Loads  (Art.  592).— On  any  line  as  a'^af  parallel  to  the 
Wind's  direction  (YZ),  and  therefore  perpendicular  to  the  Rafter  VA' 
take  a^^a*  =  W',  the  whole  Load. 
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On  oTa'  set  off  doumwards  afm  =  -y ,  ma'  =;=  -^  representing  tli9 
Loads  at  the  joints  Y,  A';  a" a'  is  called  the  Load  like. 

On  afa"  set  off  upwardSf  az  =  B',  ^a'=  B'  representing  the  Be»ac« 
tions  at  A',  A^,  respectively. 

Then  af'ma'za'^  is  a  closed  Polygon  representing  all  the  external 
forces  which  are  therefore  in  equilibrium  (Art.  590, 1^)  ;  this  is  called  the 
"  Polygon  of  Loads." 

N,B, — The  Be-actions  a'r,  za''  have  been  slightly  splayed  from  the 
'*  Load-line  "  a^a'  for  the  reason  explained  at  end  of  Art.  592. 

8tbp  IL     Resolution  of  Loads  at  the  joints  (Art.  593). — Draw  the 

"  Polygon  of  Forces "  in  equilibrium  (Art  590,  2°)  for  each  joint  m 

succession. 

w 

Joint  A'. — The  forces  are  the  Load  -^  =  ma\  Be-action  B'  =  a'r,  and 
two  Stresses  H,  T'  whose  directions  only  are  known  (parallel  to  A'A'',  VA'). 

Draw  zh  parallel  to  A' A',  t.  «.,  horizontal. 

Draw  mz  parallel  to  VA',   i.  «.,  _l'  to  a^a'. 

It  follows  (from  Art.  590,  2^)  that  ma'zhm  is  the  dosed  polygon  re- 
presenting the  forces  in  eqnilibriam  at  the  joint  A^ 

•%  zh  represents  H,  and  being  drawn  from  z  indicates  Tension  at  A'. 

km  represents  T',  and  being  drawn  towards  m  indicates  Thmst  on  A*. 

Joint  A"« — ^The  forces  are  the  Stress  H,  and  Be-action  B''  =:  za''^  and 
the  Stress  T*  whose  direction  only  is  known  (parallel  to  YA^). 

Draw  a'h  parallel  to  YA'' ;  if  the  inyestigation  be  correct  so  far,  this 
should  pass  through  the  point  h. 

It  follows  (from  Art.  590,  2°)  that  hza^h  is  the  closed  polygon  repre- 
senting the  forces  in  equilibrium  at  the  joint  A^ 

•*•  a'h  represents  T*,  and  being  drawn  towards  h  indicates  Thrust  on  A". 

Joint  Y. — It  will  now  be  seen  that  the  "  Polygon  of  Forces  '*  for  Y  is 

w 

already  complete.    The  forces  are  -^  the  Load  represented  by  a'm. 

T'  the  Stress  in  A'Y,  represented  by  mh,  indicating  Thrust  on  Y. 

T'  the  Stress  in  A"  V,  represented  by  ha",  indicating  Thrust  on  Y. 

Thus  a'mha"  is  the  closed  Polygon  of  Forces  in  equilibrium  at  Y. 

Check  on  the  investigation. — The  same  remarks  apply  as  to  the  Stress- 
diagram  for  Yertical  Load,  q  v. 

Magnitudes  of  the  Stresses. — If  the  Stress-diagram  be  properly  drawn  to 


5&8 
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scale,  then  hm,  haf^  he  represent  T,  T^,  H,  respectively,  on  that  scale, 
thus  T'  =  437^  ft)s.,  T''  =  1562J  lbs.,  H  =  546J  ibs, 

Oeneral  Formula  are  easily  derived  from  the  Stress-diagram,  thtis 

T  =-hm=^mz  .  coi  mhz^   f  R'  —  -2'  )  •  cot  i,  {Thrust). 

T  zsi  ha"  ^  afm  cosec  a'hm  =  ~  .cosec  2 1  =  -j-'seci  co8eci,(rAn«i). 

H  =  A^  =  mz .  cosec  mhz  =  (  R'  — )  cosec  1,  (Tension). 

On  calcolating  these  numerically  for  any  particular  loading,  thej  will  of 
course  be  found  exactly  the  same  as  the  values  obtained  by  measurement 
from  the  scale. 

N.B, — These  Stresses  are  those  due  to  a  Wind  blowing  from  the  right 
only.  In  consequence  of  the  symmetry  of  the  Eoof  it  can  be  at  once  in- 
ferred that  for  a  Wind  blowing  from  the  Ze/t  H  is  unchanged^  and  T',  T' 
interchange  magnitudes. 

Total  Working  Stresses. 

These  are  easily  found  by  the  principles  laid  down  in  Art.  596,  bat  they 
are  better  exhibited  numerically  than  in  formuln.  Thus  combining  the 
Stress  due  to  the  permanent  (Vertical)  Load,  and  the  Oreatest  of  the 
stresses,  due  to  the  accidental  (Normal)  Load,  t.  e.,  the  Wind  on  either 
side,  we  obtain  (for  the  particular  values  of  w^  w\  i  assigned). 


1 

Stresses  in  pounds. 

BAR. 

Dae  to 

Vertical 

Load. 

Oreatest 
due  to 
Wind. 

Total 

Working 

Strera  in 

pounds. 

Qhanoter. 

BafterjVA'orVA",.. 
Tie-rod,  A'A",  ..     .. 

T'  or  T" 
H 

4166} 
88d3i 

1562& 
546| 

1 

5729^ 
8880,\ 

Thrust 
TenBion. 

Practical  Remark, — Note  that  the  equilibrium  is  complete^  and  that  the 
Truss  is  therefore  complete  without  introduction  of  any  additional  Bars  : 
e.  g.y  if  a  king-rod  were  added  in  the  position  VH,  it  would  be  unstrained 
(under  the  given  conditions  of  Load),  and  therefore  useless.  If  the  Load 
be  altered  in  any  way,  e,  </.,  by  suspending  an  additional  Load  w'  at  the 
joint  H  (say  a  heavy  lamp),  then  a  king-rod  HY  would  be  required  to 
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preyent  the  tie-rod  A' A'  bending  ondidy :  the  Stress  on  tius  king-rod 
would  be  simply  =  w', 

EziMPLB  2. 

DMcrtpfton.— A  symmetrical  triangnlar  Trass  of  24'  span  with  the  He- 
rod  slightly  braced  up  to  inclination  t"  by  a  king-rod. 

Conditions  and  Notation  (see  Arts.  677, 578,  597).— W  =  16,000  lbs., 
W  =  4,500  tt>s. 

CoHitrueiifin  for  VerOeal  load. 
Fnune<lisgxam,  JP^.  17  (a).  Stress-disgram,  Fig.  17  (ft> 


a'    >lr 


Step  L    Polygon  of  Loads,  a^yb'a'ma'  oomtnicted  exactly  as  in  Ex.  1. 

Step  II.    Rttolution  of  Load*  atjoinU, 

Joints  A',  A^.^b'a'mpb',  ma''bYm  are  the  closed  <<  Poljgoiis  of  forces  "  in  EqniU- 
briom  at  A',  A"  constracted  exacUj  as  for  the  joints  A',  A'  in  Ex.  1,  noting  that  jnp\ 
p''m  are  of  course  drawn  parallel  to  the  inoHned  tie-rods  A'm,  A'm. 

Joint  m.— The  forces  are  H'  szp'm^  W  =  mp"  (both  drawn),  and  K  known  onlj  in 
direction  (being  vertical).  Jomjf'p'  which  (if  the  figore  be  eorrecUy  drawn)  will 
be  vertica],  so  that 

p'mp''p  is  the  closed  Polygon  of  forces  in  eqnilibrinm  at  m. 
.*.  p'p'  represents  E,  and  being  drawn /rMip'  indicates  Tension  at  m. 

Joint  v.— It  will  now  be  seen  that  the  Polygon  of  Eorces  for  V,  yia.,  VVpYb"  is 

W 

already  complete.    The  forces  are  the  Load  -;r- ,  and  the  Stresses  T',  K,  T*. 

W 

Bat  b'b*  represents  the  Load-^ , 

b'p'  represents  T',  indicating  Throst  on  V. 
p'jf  represents  K,  indicating  Tension  on  V. 
p''b''  represents  T^,  indicating  Thmst  on  V. 
CA«0|;  Oft  tAif  iiifWffifa^ioii.— The  Tsrticalxfy  of  the  line  |»>^,  and  the  Po^Tgoii  for 
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ttw  joiiit  V  baring  bean  oeu^hted  in  th«  «£t  of  drawing  tha  Fofygcna  £ar  At  ]» 
Tkmi  Jointi  eoniatnto  the  "check"  C«m  Art  CM). 

Saural  Formttia  m  eaiify  itiini  from  the  Strew  diagmm. 

The  qrnunetry  ot  the  flgnre  ihowi  that  mAk  biiecta  and  It  X'  to  p'^. 


TmVj/m 


.W^Jil 


»>'« 


E  n  f'p'  =  i«p'  =  3«/.  ^  p'aw  «  9  H' .  «la  i',  (AiHam). 
Erldentlj  T'  e  T*,  an^'  s  H'. 

OHMtrMfiM  (or  JVbrMol  Z«wi 
Pnune-diagram,  ^V-  1'  C«)-  8tnM-di^gnm,  #«;.  17  (^ 


r'asH*.  j»-aaaH'. 

Stxp   L    Poljifon  of  toadi,  a'ma'ta?  conMncted  exacUf  aa  in  Sz.  1. 
Step  n.    RtitMien  sf  Load*  at  joinU. 

Jmnli  A',  A'.— «a'*p'«,  to V«  •«  the  cImm/  "  Poljgoiu  of  Foieea  "  in  eqniUlmm 
at  A',  A',  conatmcted  exactly  ai  for  the  jointa  A',  A'  in  Ki,  1,  notiiig  «>■»<  y,  j', 
are  <A  conne  drawn  parallel  to  the  inttintd  tie-roda  A'm,A*a*. 

Joint  m.— The  forces  are  H'  =  p't,  H'  =:  np'  (both  drawn),  and  K  known  onlj  in  ii- 
rtetion  (being  verUcal).  Join  p'p'  which  (if  the  figure  be  conecUj  drawn]  will  be 
Tertical,  eo  that 

p'tp'p'  is  the  cloied  Polygon  of  Forces  in  equilibriiiin  at  «». 
,*,  pV  repreaents  K,  and  being  drawn yh>R  p'  indicates  Tensioo  at  at. 
Joint  v.— It  will  now  be  seen  that  the  Polygon  of  Forces  a'mp'p'a,'  for  tbis  jotBtii 
abead;  txmpUte.    The  forces  are  the  Load  -^i  and  the  Stresaea  T,,  £,  x*. 
Bnt  a'm  represents  the  Load  •^. 

np'  repreKUts  the  Stress  T,  indicating  Thnut  on  V. 
p'^  represents  Che  Stress  K,  indicating  Tension  at  T. 
p'a'  represents  the  Stress  T*,  indicating  Thrnst  on  V. 
CT«*  on  tie  iHtettigation.—Tiwi  rerticality  of  the  line  p'p',  and  the  Polygon  (or 
the  Joint  V  haviDg  been  completed  in  the  act  of  drawing  the  Polygons  for  the  ptc- 
fioDs  joints,  constitute  the  check  (Art.  £94). 
General  iirmtilm  are  easily  deriyed  from  the  Stress-diagram. 
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Tszmp'ssmz.cok  9p'm  s  (R'  - ^),  cot (t  -  i'), ( Thruit). 
H'  B  H'  for  the  lines  €p\  tp*  are  eqnallj  indined  to  the  Tertical  jy>'. 

BZAXPLI  8. 

Deffcnjptton.— A  Bymmetrioal  trisngolar  Trass  of  24'  span  with  the 
Tie-rod  slightly  braced  up  to  inclination  t'  by  two  braces,  YM',,  YM',  such 
that  A'AiT,  A'M^V  are  isosceles  triangles. 

Conditiana  and  Notation  {see  Arts.  577, 578, 597).— W  =  16,000  fts., 
W  =  4,500  fibs. 

CongtructUm  iat  Vertical  Load. 
XVame-diagrtm,  Hg.  18  (o).  Btreis-diagram,  I^.  18  (0* 


\^        SiS^n        |;i 


Step  I.    Polygon  of  Loads  a''h''h'a'ma''  as  in  £z.  1. 

Step  XL    Besolution  of  Loade  at  Joints. 

The  Polygons  of  Forces  in  eqoilibrinm  at  each  joint  are 

h'a'mp'V  for  the  joint  A' ;        maV/i'M  for  the  joint  A'. 
f/mhp'  for  the  joint  M' ;  n^'hm  for  the  joint  M*. 

yb'p'hp'b"  for  the  joint  V. 
The  check  on  the  work  is  obvioos,  (Art  594). 
Oeneral  Ibrmula.^See  the  Frame-  and  Stress-diagrams. 
M'A'A'  =  i'  =  M'A'A  ;  p'mh  —  i'  —  p'mK 

M'A'V  =  i  -  i*  -  M'VA' ;        mp'h  «.  ISO*  -  A'M'V  «  2  (i  -  »•). 
M' A'V  »  i  - 1'  1.  M'VA'  ;        «i V  —  ISO*  -  it^Mn  +  V^)  « ISO  -  (3i 
VOL.   I.<-*THIBO  SDITIOV.  4   C 


-o 


BTRBaan  n  toot  nnaia. 


JU»  by  flw  nymnirtiy  of  tlie  flgn»  T  =  T*  1  ff  =  H' I  ff  =  8". 
CnutnieMm  for  JKinuI  XmJ. 
FnmfrJkgmn,  ^.  IS  <«}.  8tieM-dii«niii,  f^.  18  <^ 


/ 


/' 


/ 


Stkf  L    PoJggen  iff  Zcait,  ifma'ta'  u  in  Ex.  I. 

&TKP  n.  AMelirfiM  of  Load*  at  joiittt.—Tiit  Potygoni  of  forCM  in  eqnilibriiim 
■t  eacb  joint  in 

ma'xj/m  for  jrant  A';  la'p'z  for  jcont  A'. 

p'll^'  lot  joint  M'  1  hx^A  tot  Joint  M'. 

a'mp'hp'a'  for  joint  V. 
The  check  on  the  work  is  obvions. 
Qeiteral  Formulie. — Set  Fnuno-  and  Stress-diagnms. 

T'=p'«  =  »wcot   «/.■,   =(B'-^).cotO-i'),  (TlrMt). 

H'  =  ij)'  =  »w,cOBeciBp'«=(H'-  Y  )  •  ««M(i  -  i' ),  (.Tetuioii), 


r  =p'a'  = 


v) 


siua-p-t  ain(i-f) 


-"    «in(i-r?).' 
Evidently,  also  tA  produced  bisectB  p'p'  (which  will  bo  Tcitical  if  the  Sgnie  be 
comctif  drawn)  at  right  aDglea. 

.',  S'  =  lip'  =  hp'  =  S';  H'  s=  ^  =  «^  =  H'. 
Practical  Sanark  on  Examples  2  and  3.— It  is  iutereatiiig  to  obserra 
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the  effect  (which  the  Stress-diagrams  render  obyions  to  the  eye)  of  brac- 
ing np  the  Tie-rod|  as  compared  with  the  straight  Tie-rod  in  Ex.  1,  yiz., 
that  the  Stresses  on  the  Rafters  and  Tie-rod  are  all  increased^  and  a  King- 
rod  or  Braces  rendered  necessary  to  bear  the  yertical  component  of  the 
Stress  on  the  inclined  Ties.  The  advantage  of  bracing  np  the  Tie  is  to 
gain  head-way  nnder  the  Tie-rod :  the  constmction  is  suited  to  Iron  Tie" 
rods,  not  to  Timber. 

The  same  effects  consequent  on  bracing  np  the  ISe-rods  are  seen  at  a 
glance  in  the  Stress-diagrams  to  Ex.  4  and  6,  also  in  Ex.  7,  q.  v. 

Example  4. 
Description. — A  symmetrical  King-post  Trass  of  82'  span,  with  Rafters 
bisected  by  the  Stmts. 

Conditiana  and  Notation  (see  Arts.  677,  578,  597).— W  =  20,000  tt>8., 
W  =  6,000  fibs. 

Oofutrueiion  for  Vertical  Load. 


Frame-diagram,  Fig,  19  (a). 


Staren-diagram,  Hg.  19  (5). 


32  Span 


'  Step  L    JSguivalent  Loadt  at  the  joint», — ^As  there  axe  two  egual  segments  in  each 

W 
Rafter,  the  Load  distributed  over  each  segment  is  -7-,  so  that  the  EqniTalent  Loads 

W 
at  the  joints  are  clearly  (compare  Eq.  (IS),  Art.  578),  ---  at  the  abntments  A',  A' ;  and 

o 

^  at  the  joints  B',  V,  B*. 
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Pofygtm  qf  Zoadi.-^-On  the  Load-line  of  a'  s=  W,  take  aaooeMiTelj 

a'b'  =:  ^,  6V  rs  cTe'  =  <>'5'  =  ?^,  ft'a'a  21  f or  the LowU. 

W 

a'm  zs  —  zs  ma"  for  the  Be-actioii8. 

Then  tt'ft'tfVftVma*  is  the  "Polygon  ot  Loads." 

Stkp  n.    JUtotution  of  Loadi  at  thejainti.-^The  Polygons  of  Forces  at  the  jointi 
are  as  follows,  in  snocession 

b'a'mhb'  at  joint  A'  ;       ma'b'hm  at  Joint  A'. 

e'b'hq'e'  at  joint  B'  ;        hb'c^q'h  at  joint  B'. 


'A«.  i>^^'  .f  iV:.«4.-iur  )  Note,  that  H',  H"  are  represented  in  the  Polygon  for 
wJ^i5VoTn°  V  \    *•  PO"*  M  by  hm^'mh.  r«p*liTdy,  «'?2r  of 
'«*•'      ""j     averlofwing  Hues, 


Ve 


''lapping 
The  check  on  the  work  is  obyioos,  (Art  094). 

General  Formula, 


8W 


T,'  =  M'  =  mfr'  cosec  mhb'  =  (mc'  +  c'&')  oosec  t  =  -^  cosec  i,  (Tftrtue). 

o 

H'  =  H'  =  mA  =  mb'  cot  fyiA6'  ==  ^  cot  i,  (TVietton). 

o 

K  =^q'=z  b'e'  =  51,  (TViiKaii). 

W 

8'  =  A^'  =  ^ift .  cosec  gr'Aift  =  (  ^9' .  cosec  t  =  —  cosec  t,  {Thrtut), 

AliocTidenttyT/  ssT/  j  T;  =  T/  j  S'  =  S*. 

ConttructUm  for  Normal  Load, 
Frame  diagram,  J^*  ^^  (^)*  8treB»-diagram|  M^,  19  (i). 

2 


Step  I.    Equv)alent  Load  at  the  joints, — As  there  are  two  equal  segments  in  the 

W 
Rafters,  the  Load  distributed  over  each  segment  is  •-- ,  so  that  the  Equivalent  Loads  at 

the  joints  ore  clearly  {compare  £q.  (17),  Art.  678). 

W*  W 

-J-  at  A*  and  V,  and  ~  at  B',  and  no  Load  at  B*  or  A', 
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Polygon  of  Loadi.-^On  the  Load  line  aV  parallel  of  oonne  to  the  WSnd-piesBiuey 
t  e^  perpendicular  to  the  Rafter,  take  sacoesaiyely 

4  35  4: 

Then  a'b'b'a'aa"  is  the  *«  Polygon  of  Loads." 

Step  IL  Hesolution  of  Loads  a^  J(»*ntt.— The  "  Polygon  of  Forces  "  at  the  joints 
taken  in  soccession  are  as  follows : — 

b'a'sp'b'  at  joint  A' ;        ea'p'z  at  joint  A'. 
yb'p'qb'  at  joint  B' ;       p''aY  at  joint  B"  (not  loaded). 
qp'*p''g  at  joint  M  (no  stress  on  bar  B'M). 
a''b''qp''a''  at  joint  V. 
If  the  diagram  be  correctly  drawn,  qp'  will  be  vertical. 

Note  particularly  that  the  Polygon  of  forces  for  the  joint  B'  is  p'a'p'^  i.  e,^  simply 
a  pair  of  overlapping  lines,  because  the  joint  B''  is  not  loaded;  hence  T,''  s  T/  and 
S'  s  0,  i  e.,  there  is  no  Stress  on  the  Stmt  B'M.  These  resnlts  might  have  been  fore- 
seen horn  the  general  considerations  explained  in  Art.  575. 

General  Formulct. 

Ta'  =  pb*  =  zV .  cot .  s/»'6'  =  (R'  -  ?^  )cot  i,  {ThruMe^ 

H'  =  ^'  a  ^.  cosec  •jfb'  =  (b'  -  y*)  .cosec  i,  {JentUnC). 

*  '       *^  Sin  a  p  s  sin  t 

SB R'. ooti=:  Y^.sec> i. cotisY-.  cosec 2i,  (TftrnfO. 

8'  ap'9  ssftV.coseo  ^p'ft'  b  ^  oosec  9 1,  (2%nff^). 

W   aini      W 
K  s  ^  «ff|i'.  tin  qpy  ■■S'.iinios— .^j^^s— -  . leo i, (2>ii«<ofi). 

T/  ss  qb'ssp'b'  -  yi»  s/y'^'  -  jTji.  cot  Sp'fi  a 
=  T;  -   y.'.  cot  2  i,  inruit). 

Practical  Remarks,— On  comparing  the  StreBs-diagrams  of  this  Ex- 
ample with  Examples  1|  2,  8,  it  will  be  found  that  with  a  straight  Tie-rod 
there  can  be  no  Stress  on  a  King-rod  (except  that  due  to  its  own  weight, 
and  that  due  to  sagging  of  the  Tie-rod  under  its  weight,  both  small  in 
small  Trusses,)  unless  the  Tie-rod  be  loaded  {see  Remarks  at  end  of  Ex.  1), 
and  that  bracing  the  Tie-rod  or  strutting  the  Rafters  throws  Stress  on 
the  King-rod  or  internal  Bracing. 

EXAXPLB  5. 

Description, — A  symmetrical  King-post  Truss,  as  in  Ex.  4. 
Condition  and  Notations  (see  Arts.  577,  678,  597).— W  =  20,000  lbs., 
w  =  600  lbs.,  w'  =  1,000  lbs.,  W  =  6,000  lbs. 
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N^.^Thd  Tnmv^mmaMht^nLi.    The  Vertical 
thai  of  Es.  4  in  tiiat  the  LoedBW^w'liaife  been  added  on  tiieRid0Bbn4  Hfottil 
king-rod. 

This  TnHi  it  therefora  loeded  ••  in  bimple  of  lieCiiod 


L,  Alt.  58a 


CMttmefiffi for  VeriUmlZmmd, 
nune-diegnun,  Fig,  SOi  (•). 


F^^m- 
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f-ri 


8tip  L    P(9l^^on</£Muk.--The*'EqniTilentLoadi''atiii6JQiiitiantiMMBi 
u  in  Ex.  4,  except  that  there  ie  a  Load  of  (-j-  +  wyony,nnd  n!Lc»dof  w*  on IL 

The  Be-ac(ions  are  t,     —  at  A'  and  A'. 

In  caees  (like  the  present)  in  which  there  are  Loads  ftofA  on  the  Baffcen  and  TiMod, 
it  will  be  found  convenient  to  represent  their  Loads  on  differemt  Iioad-linea^  thus— 
Take  a'a'  to  represent  (W  +  w)  the  Total  Load  on  Baftera,  and  a*a\a'^  to 

W  +  w  4-  w* 
represent  the  Be-actions o      —  **  ^'9  '^* »  ^^  ^"*^  **'«'»  ^oT  will  dearij 

overlap  bj  the  qnantiiy  a'a"  a  w'  which  may  be  taken  aa  the  I^oad-line  lepraen^ 
ingw'. 

OnaVset  off  a**"-.  5L,  6V  =  ^j  c'^  =  (51  +  w)  ;  r'^'  «.  ^.  y^..  W 

Hence  a''b''c''c'b'a'a'a''af  is  the  Polygon  of  Loads. 

iV.B.— The  Load  lines  a'a',  a'a'  and  Re-actions  a'a',  a'a'  have  been  pnrpoeelT  apkr* 
ed  ontwards  for  the  reason  explained  at  end  of  Art  592. 
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Step  IL  Seiolutian  qf  loads  at  the  jaiwt$,-^Tht  Polygons  of  ForoM  for  the  joints 
in  iocoMtion  are 

ftVo'p'i'  for  joint  A'  i  a'a'Vfa'  for  joint  A'. 

o'Vp'q'o'  for  Joint  B'  i  jrb'e'qV  for  Joint  B*. 

«V«'aV^«'  for  j  oint  M.   /  •^  ""^t^  ^.'^  *"•  "^ 
'^**         '  •  \  are  8',  H',  W,  H^  B',  K. 

0 V« yc*  for  Joint  V. 

General  Formula, 

T;  e  j/6'  1.  a'A' .  cosec  0^6'  «.  (a'n  +  m&O  ooeec  i. 

H'  -  ay  »  a'6'  .  cot  a'p'b'  -  (^  +  ^  "^  ^)  cot  ♦,  (Teiuum). 
S'.pVa^w'.  ooM9))V-^.comi-«^.coioci---joowci,(Z%rMO. 

T/-^c'-  •'ft'  -pV  -pV-  T;  -  8'-  (^+^'^^)  .ooMe  4,  (2!»rii**). 

Also  evidently  T,'-  T,"  j  T,'  =  T/ ;  8'  -  S"  ;  H'  -  BT. 

The  Student  is  recommended  to  compare  the  process  in  this  Example  with  the 
process  by  the  Method  i  of  Resolution  for  the  same  Hoof,  (iee  Arts.  580  to  588) ;  the 
greater  facility  of  this  Method  (the  Polygonal)  will  be  at  once  evident  The  results 
obtained  by  both  methods  are  of  course  identical,  {tee  Art  584). 

He  should  also  compare  the  Stress-diagrams  for  Vertical  Load  of  Examples  4  and 
5  iFigs.  19  (6)  and  20  (by),  which  are  examples  of  the  tame  Truss  under  slightly 
different  Load,  to  see  the  effect  of  adding  the  Loads  w  and  w'  on  the  Bidgeand  Tie-rod. 

CknutrucHon  for  Normal  Load, 

This  Truss  being  the  tame  as  in  Ex.  4,  and  under  the  same  Normal  Load,  no 
separate  inrestigation  is  needed. 

Example  6. 

Description, — A  Bymmetrical  King-post  Trass  of  32'  span,  the  Rafters 
bisected  by  the  Struts,  the  Ties  braced  up  so  as  to  be  in  one  line  with  the 
Struts. 

Conditions  and  Notation  (see  Arts.  577,  578,  597).'-W= 20,000  &s., 
W  =  6,000  fts. 
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Qmstruetion  for  Vertical  Load, 


Frame-diagram,  Fig.  21  (a). 


Stren-diagram,  Fig.  21  (6). 


Stop  L    A^/mi  qf  Loadi,  afb'tre^'u'ma"  u  in  Sx.  4. 

Step  n.    BetoluHon  of  Loads  at  ^'oinft.— The  Polygons  of  Foroea  for  the  JointB 
taken  in  saccession  are 

h'a'mpb'  for  joint  A' ;         ma" by  m  for  joint  A*. 
c'b'p'^c'  for  joint  B' ;  p'b^c'qY  for  joint  B'. 

q'pmp''q''q  for  joint  m  ;      N,B, — q'q"  shonid  be  vertical. 
c'c'^'jV  for  joint  V. 

General  FormuUe. 

__  ^,    Binmb'p'     SW    sin (90-0      3W        .  ,.     .^   ^_ 

H'  =  mp'  =  m6'.j5j^  =  -^.  g^^^=— .co6t.coeec(t-.*0,(7fam^). 

W 
K  =  q'q"  =  2^'A  =  2  o'ft'  =  -^  ,  {Tension), 

„     sinp'A^'        ,.,    sin (90  — t)       W  cost  r^w^       ^ 

a  — y'i       ^       smqph  8in(*4-t)         4      sm  (t  +  i)     ^  ' 

3W 
T,'  =r  q'e'  =  hb'  =  mfc' .  cosec    mkb'  =  — ^  cosec  i,  ^Thrust). 

Also  evidently  T|'  =  T,"  ;  T,'  =  T,"  j  H'-  H"  ;  S'  -  S'. 
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Gnutmetion  tor  ym-mat  Load. 

Stress-diagraca,  Fig.  31  (if). 


i'u'tp'J'torjoint  A'i         ta'p't  for  joint  A* 

i'i'p'ji"  for  joint  B' ;         p'a-p"  for  joint  B'  (not  loaded). 

qp'  ip'q  for  joiDt  m  (no  Stzess  on  bar  B'ai). 

a'b'^a'  for  joint  V, 

Qaural  Formviir. 
It  =  p'f  =  Mb' .  tot  «p'4'=(fi'--7-)cot{i-i'>,(7arti«0. 
H'  sip'=i(('.ea0ec(p'b'=  fR'-_J  .  cmcc  (i  -  i^  (r^Mioii). 
S'  =y'j  =j«.co«ecjpV=  ~  .CO80C  (i  +  »■),  7Vw(), 
T,'  =  5*'  =  p'b'  —pit  =  p'b'  —  fW .  cot  jp'n  =  T,'  —  -^ . cot  (t  +  1'),  (rtmrt). 

>  '      >•  an  ^-o-  Bin  (<  -  O  ■«>  ('  -  < ) 

n  *a'p'  _  p.  Bin  (90  —  Bi) 


K    =  9p'  =  grt  +  V 
foTfp'  IB  vertical,  and  ijp',  fie. 


^=E'. 


;.(3« 


(i-O   -"  -ainO- 
1'  +  2H'Bin£'  =  3(S'  +  H*)  ,  ain  i',  Cr«wi'on). 
ip*  ore  all  inclined  at  angle  i'  to  horiioDtal,  bo 
that  horizontal  (dotted)  linea  through;',  i  bisect  qt,  rp'  at  right  angles  respectivelj. 
Also  S'  =:  0,  aa  might  faave  been  foreseen,  (Art.  6TG)  since  B'  ia  not  loaded. 

EXAUFLS  7. 

Dacripfion. — A  symnietricftl  Trass  of  48'  Bp&n  with  Rafters  braced  at 
their  middles,  the  Tie-rod  braced  to  iuclinaliou  i*. 

Conditions  and  Notation  (««  Art*.  577,  578,  597),— W  =  80,000  lbs,, 
W  =  9,000  lbs. 
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ConHrueHon  for  VertietU  Load, 
Frame-diagram,  Fig,  22(a).  8tre88>diagram,  /V7.  22QbJ. 

Step  L    Pohfgim  ofLoadi,  arVd'c' Varna"  as  in  Ex.  4. 

Step  IL    Mesohition  of  Loadt  at  jointt,— The  Polygons  of  Forces  for  the  joints 
taken  in  saccesskm  are 

b'a'mp'b'  for  joint  A' ;        mafbYm  for  joint  A'. 
e'b'pqc'  for  joint  B* ;         p'b'ifq'p"  for  joint  B'. 
q'p'mhq'  for  joint  M' ;        mp'^hm  for  j(nnt  H*« 
iTcVA^V  for  joint  V. 

General  Formula* 

su  mpb  8       Bin  (1  —  1 )  8 

TI'  =»«'  =  «*'    "in  mftV  _  8W    sin  (90  -  Q       8W  ^^  .  rr.Mi.Y 

8'   «  pV  —  q'e' .  cos  p'^V  =.  e'b' .  cos  i  »^  cos  i,  (ThruMO- 

T|'  -  qW  «=  e'*'  =.  p'6'  -  pV  -  ;»'6'  -  7V  .  sin  pV'<^ 

-  T;  -  c'6'  .  sin  i=-  T;  -  ^  .  sin/,  CThrugt). 

.<    _  X  I       t     sin  Aoc'     ,  ,  ,        ,  -  sin  1  /-, ,       W  v  sin  i 

sin  q'ho      ^^  '    sin  (2i  —  i')        \    •         8  /     sin  (3 1  - 1 

=  (T,'  sin  «  -  y)  '  ®°^  ^^*  *"  *'^»  (r<?iMtw«). 

H  ^^  mh '=^  mn  ^  nh  ^  b'e' ,  cos  mW  -*  ^'A  .  oos  j'Am 

T,' .  cos  i  -  *' .  cos  (2i  -  i*),  (Teneion). 
Also  evidentiy  T/  —  T,^*;  T^'  =  Tj"  ;  S'  —  B*  j  •*  •=  Z'  ;  H'  —  H'. 

CbfwtmrfiOA  for  Normal  Load, 

Framo-diagram,  Fig,  22  (c).  Stress-diagram,  /t^r.  22  (</). 

Step  I.    Polygon  of  Loads,  a^h^Ha'ta"  as  in  Ex.  4. 

Step  IL    P^solution  of  Loads  at  joints, — The  Polygons  of  forces  for  the  jointi 
taken  in  succession  are 

b'a'zp'V  for  joint  A' ;  za''p''z  for  joint  A*. 

b'b'p'q  b"  for  joint  B' ;  pVp"  for  joint  B'  (not  loaded). 

qp'zhq  for  joint  M' ;  hzph  ior  joint  M*. 
aVjAya"  for  joint  V. 

General  Formula, 
T;  =p'6'  =  iV .  cot  zp'b'  «  (R'  -  ^')  .  cot  (i  -  O,  (Jhrusf). 

H'  =  zp'  =  rfc'coscc  zp'b'  —  (R'  -  ^) .  cosec  (i  -  i*),  (Tifiinan). 

S'  «  ^p'  =  4'6'  =  51',  (nrwO. 

T»=iT  "-=«"/,*«  «»^   sinp'^o'^  8in(90-f-»  +  »') 

•*^i  ^  A2      P  a  *»a  z,  -7- — ^^— ^  =5  ji  .  — . — y. TTT — 

8in  a''p  z  sm  (1  —  t') 


FRAME  DIAGR 

/V  22(a) 


4^8Spcm 


FRAME  DIAGRAM 


P^  22(ct 


4H.9pccn 
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8in(»— O^ 
8'  »  0,  as  might  have  been  foreseen,  (Art  575),  because  B'  is  unloaded. 
TT#         «f     _•       sintaV        r%0  8in(90  — 2i)      -j,       oos  2i       ^-.      .    x 

Sin  «Af»  sin  (2«  —  f  )  sin  (2»  —  i )     '  ^  ' 

"^         ^     Sin  jAi^  sin  (2»  —  »^ '  ^  ^ 

/  =  Ag«A«  +  fg  —  V  +  -^-«ec*«P'  —  *'+-y  •o«c (i  - i'), (r«fui<m). 

EXAMPLB  8. 

Deaeription.'^A  symmetrical  Trass  of  64'  span  with  Bftftei^  biw&dd  by 
two  Strats  :  the  Rafters  and  Tie-rod  (which  is  straight)  are  trisected  by 
the  bracing. 

Conditions  and  Notaiion  {see  Arts.  577|  578,  597).— W  =  40,000  fibs. 
W  =  12,000  flis. 

Cbiutructian  for  f^ertieal  Load. 
Frame-diagram,  Fig,  23  (a).  Stress-diagram,  Fig.  28  (fr). 

Step  I.    Polygon  of  XmuCi.— The  Raftcis  being  tiissctedi  each  segment  bears  -^ 

o 

80  that  the  *  EqniTaleni  Loads  at  the  Joints  "  are 

5y  at  A,  A' ,  ^  at  B',  a,  V,  CB'' 

W 

The  Be4u;tlons  are  -3-  at  A'  and  A'^ 

aryf^drd^n'a'ma''  is  the  « Polygon  of  toads". 

Step  IL  RuoluHon  of  Loads  at  thejoinU.-^*I!hQ  Fdygons  of  Forces  at  the  joints 
taken  in  sncoession  are 

h'a'mpV  for  joint  A' ;  nM'b'pm  for  joint  A'. 

eb'pq'e'  for  joint  B'  5  p6V//»  for  joint  B*. 

d'e'q'r'd  for  joint  C  ;  ^c'dTi^q"  for  joint  C 

r'g'pmNr'  for  joint  M' ;  Nmp^r'N  for  joint  M\ 
<r'irrT!^r*£rforjointV. 

CttMeraX  FormylcB, 

T;  =  p6'  =  Mfr' cosec  ir;)&'  =  {md^^ihl)  .  cosec  i  =  ^  cosec  i,  (rArfwO- 

6W 
H'  =  Mp  =  Mfr' .cot mpfr'  =  -r^  cot  t,  (Xtntion). 

T  '  =%   1  °  ''*'  =  '»'•"»««  'j**'  =  -X  ****  *'  (»*«»0. 
S»'  =  M*  =  «^' .  cosec  9>i  =  d'm  •  cosec  i  =  -^3- .  cosec  t,  (rAfitff). 
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S,'  =  9'r'  =  c'rf'  =  -^  ,  iThrut(), 


.y,(7>fi«uM»). 


S,'  =  r'N  =  VrV  +  7iN»  =  V  Vm'  +  {q'n  .  cot  ?'Nn) 

H  =  wN  =  wc' .  cot  mNc'  =  (—  4-  — ) .  cot  i  =  ~  cot  i,  (TViuion). 

Also  T,'  =  T;  ;  To'  =  T/;  T,'  =  T,*;  */  =  #,';  S,'  =  8/  ;  S,'  =  S,'  ;   H'  =  H'. 

Qinstruction  for  Normal  Load. 

Frame-diagram,  Fig.  23  (c).  Stress-diagram,  Fig.  23  (<Q. 

Step  I.  Polygon,  of  Loads.— Th^  rafters  being  trisected,  each  segment  of  the  rafter 
A'V  bears  \  of  the  whole  Wind-pressure  W,  so  that  the  Equiyalent  Loads  at  the 
Joints  are 

W  W 

—-  at  A'  and  V  ;  -^  at  B',  and  C. 

The  Re-actions  are  R'  =  W  (1  -  i  sec»  i)  =  ff  W',R'  =  W.  i  .  »ec*»  =  fj  W, 
by  Eq.  (18),  Art  678  :  also  aT^w^V^a"  is  the  "Polygon  of  Loads*'. 

Step  IL  Resolution  of  the  Loads  at  the  joints, — The  Polygon  of  forces  at  the 
joints  taken  in  succession  are — 

ha'zp'b'  for  joint  A' ;  ta'Y^  for  joint  A*. 

mb'p'qm  for  joint  B' ;         pVp''  for  joint  B"  (not  loaded). 
,-.  The  Bar  B"*  M"  is  not  strained,  and  83"  =  0,  also  T,"  =  T/. 

h^rnqrh"  for  joint  C ;  p^^V  for  joint  CT  (not  loaded). 

/.  The  Bar  CM'  is  not  strained,  and  S,"  ^  0,  also  T,"  =  Ti". 

rqp'zp'r  for  joint  M'  ;  p"zp''  for  joint  M*. 

/.  The  Bar  M"V  is  not  strained,  and  ^{  =  0,  abo  H"  =  H. 

a^^rp^a"  for  joint  V. 
i^.i?.-The  Results  T,"  =  T,"  =  T3-.  and  S^"  =  0,  S./  =;  0,  %"  =  0,  are  the  di- 
rect  consequences  of  the  joints  B",  C ",  M"  being  unloaded  :  these  Results  might  have 
been  foreseen  from  the  considerations  given  in  Art.  675. 


General  Formula. 

Tj'  =  p'b'  =  zb'.  cot  zp'b'  =  (  R'  -  —).  coti,  {Thmst). 

/  W\ 

'  =  zp'  =  zb' .  cosec  zp^b'  =  ^  R'  —  7-)  •  coscc  i,  {Tension). 


H 


W 
Ta'  =  9TO  =  p'b'  -  p'n  =  p'b'  --  gn  cot  qp'n  =  T3'  -^  —  .  cot  2i,  (2%ri«r). 

W 

S3'  =  p'q  -  qn.  cosec  qp'n  -    —-  .  cosec  2i,  {Thrust). 


3 


W 

B,'  =    <^r  =  5N  .  SCO  N^r     =  ---.sec  i,  {Thrust). 


FR. 


1 
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T/  =  rh"  =  rN  +  NA"  =  Njy  ,  tan  Nr?  +  N6'  =  ^'.  tan  i  +  T',.  (.ThrMt). 

W  W 

T,"  =  Tj*  =  Tj*  =  p'a"  =  a'm ,  coscc  aVw  =  -^  .  cosec  2i  =  -j-  .  cosec  i .  sec  i,  (rAriw/). 

H  =  H*    =  zp"  =  zm,  cosec .  «/>'»i  =       R' it  !  •  cosec  i,  (r^n^i^n). 


W 


w 


S|'  =  pV  =  ^"0 .  cosec  p''ro  =  —  .  cosec  M'VA'  =  —  .  cosec*(t'  —  i),  (,TeMion), 
Si"  =  0,  S,"  =  0,  S,'  =  0. 


Calculation  of  Total  "Working  Stress",  See  Arts.  466,  696. 

Reference 

to 
Fig.  23. 

Stress. 

Stresses*  iw  pounds. 

Total  "  Working 
Stress" 
in  pounds. 

Ban. 

Dneto 
Vertl. 
Load. 

Due  to  Wind. 

Character 

of 

Stress. 

Great- 
est. 

Least. 

(Top-Segment, 

CO      1 

VC  or  VC 

T/orTi" 

22,222| 

8,916| 

6,250   81,188ft 

Thrust 

1  }  Middle    do., 

C'B'  or  C'B" 

T.'orT/ 

22,222f 

6,260 

6,916ft 

28,472ft 

Thrust 

^  (Foot    do., 

B'A'  or  B^A" 

T;  or  T," 

27,7774 

7,083i 

6,250 

34,861i 

Thrust 

•g  (  Outer-segment, 

M'A'orM'A" 

H'  or  H" 

22,222| 

8,864-2 

2,187i 

81,076-4 

Tension. 

^  I  Middle    do.. 

MM" 

H 

13,333i 

2,1874 

2,187i 

16,520ft 

Tension. 

Braces, 

VM'  or  VM' 

Si'  or  Si' 

10,943-2 

2,786-8 

Nil 

13,679 

Tension. 

Stmts, 

CM'  or  CW 

Sa'  or  S," 

6,666} 

5,000 

Nil 

ll,666f 

Thrust. 

Struts, 

B'M'  or  B'M* 

S;  or  S,* 

6,665( 

4,166{ 

■ 

Nil. 

9,722ft 

Thrust 

Mte.^The  Working  Stress  "  (Art  596)  =  Stress  due  to  Vertical  Load  -f- 
-f  Greatest  Stress  (of  same  character)  due  to  Wind  (from  either  side). 

N.B. — Although  only  the  Greater  of  the  two  Stresses  due  to  Wind  on  either  side 
of  the  Truss  are  required,  (Art  696)  for  Calculation  of  the  Total  "  Working  Stress", 
still  it  is  generally  necessary  to  calculate  bath  Stresses  numerically  (or  by  measure- 
ment from  the  Stress-diagram  if  preferred)  to  ascertain  which  is  the  greater  :  both 
have  accordingly  been  inserted  in  the  above  Table. 

Calculation  of  Scantlings  in  Ex,  8. 
It  will  be  a  useful  exemplification  of  the  principles  of  Chapters  XXII. 
and  XXIII.  on  Tension  and  Compression  to  calculate  the  scantlings  for 
one  complete  Truss,  e.  g,,  that  of  Example  8,  in  wrought-iron. 

*  The  values  given  in  the  Table  ore  by  calculation  from  the  fonnnlsB ;  measurement  from  tte  scale 
would  do  equally  well :  the  results  by  measurement  will  of  coarse  not  be  so  exact,  but  this  gieat 
exactness  ia  unnecessary  in  practical  Engineering  (Art.  697). 
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The  scantlings  are  to  be  designed  such  as  to  bear  the  "  Total  *^  Work- 
ing Stresses  "  calcalated  in  the  preceding  Table. 

iVL9. — It  most  be  remembered  that  the  Rafters  of  this  Truss  were  snpposed,  {see 
Art  597),  to  be  Loaded  by  Parlins  applied  onlif  at  the  joinU  ao  that  are  there  no 
Stresses  incladed  dae  to  Trans%*er8e  Strain. 

Croi8*sectiotu  and  Factors  of  Safety. 

Bare  in  Tenei&tu — ^Bound  Bod-bon  is  a  convenient  form  for  all  rods  in  Tensian 
#  =  4  (Art.  481). 

Butters, — ^y-iron  with  the  head  oatwards  is  a  very  convenient  form,  as  the  Fnrluis 
rest  on  the  fliut  head  to  which  they  are  easily  fastened.    « <»  4  (Art  004). 

Struts, — ^A  pair  of  angle-irons  placed  back  to  back  /  ~^  p~  )  is  a  convenient  f onn«  at 

they  thos  embrace  the  shank  of  the  X'ii^i^  rafter,  and  also  the  Tie-rod  at  the  joints 
(which  shoald  be  flattened  for  the  parpose)  in  snch  a  manner  that  the  Resultant 
Stress  is  approximately  sjrmmetrically  sitoate  within  the  compound  Stmt,  (we  Art 
526— (6)  as  to  the  advisability  of  this  arrangement).    As  the  Stress  is  not,  however, 

even,  thos  really  uniformly  distributed,  it  is  advisable  to  make  the  factor  of  safetf, 
higher  than  for  the  Rafters  (Arts.  504,  526— (6),  say  t  =  5). 

ModuU  of  Strength.— ft  ss  60,000  ;  /c  =  36,000,  (Appendix  II). 

CaUmlation  qf  SeantUngs, 

Notation,  Art  481,  504.— Observe  that  in  what  follows  W  is  the  "  Workmg  Load  " 
(Tensile  or  Crushing)  or  "  Working  Stress  "  on  eaeh  Bar  in  sncoessiota  as  required  in 
ihe  formulas  of  Chaps.  XXTf.,  XXIII  { this  most  not  be  confused  with  the  W  used  fat 
Working  Load  on  the  whole  Truss. 

Bars  in  Tension. — These  are  easily  designed ;  for  being  of  round  iron,  A  ^  j  iP, 

also/tA  =  tW  (Eq.  1  and  2,  Art  481), 


•    (f  =  /I    f!^  =  /7  X  4  X  4W  _   /_ 

J  ^' fc     J  22x60000     yu 


14W 


X  15000 

where  W  is  the  "  Total  Working  Stress  ". 
Taking  this  from  the  Table  of  Total  Working  Stresses,  we  have 
Tie-rody  Outer-segment,    W  =  31,076,      ,',  rf  =  1*6  inches,  say  If  inches. 
Tie-rod,  Middle-segment,  W  =  16,520,      /.  rf  =  M4  inches,  say  1|  inches. 
Braces,  W  -=  13,679,      .'.  d  =  1-08  inches,  say  1  inch. 

N,B, — It  must  be  carefuUy  borne  in  mind  that  the  diameter  («/)  or  breadth  of  ties 
thus  found,  is  the  diameter  of  net  area  A  of  cross-section  of  each  bar,  (i.  tf.,  of  area 
of  Solid  metal  left  after  deducting  all  rivet-and  bolt-holes,  {see  Art.  481). 

Morever  the  joints  at  the  ends  of  the  ties  should  be  so  arranged  that  the  resultant 
Stress  passes  down  the  axis  of  each  Bar,  (see  Art  482,)  otherwise  the  Ties  most  be 
made  thicker  than  as  just  calculated. 

Rafter  VA'  or  VA". — It  is  convenient  for  constructive  reasons  to  make  the  Rafter 
in  one  piece  and  of  uniform  section  throughout :  it  mnst  of  course  be  designed  to 
bear  the  greatest  thrust  on  any  part  of  it,  (viz.,  that  on  its  lowest  segment  B'A'  or 
B^AOi  which  is  34,861^  lbs.  The  waste  of  iron  by  making  the  two  upper  segments 
of  same  scantling  as  the  lower  (which  has  to  bear  the  greatest  stress)  is  very  emnll 
see  Table  of  <<  Working  Stresses  ^ 
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The  Bftftcrmay  be  designed  m  a  •«  Kllar  '*  of  leagtli  =  |  Length  of  Rafter  «  -, 

and  with  <*  both  ends  fixed  ",  provided  care  btf  taken  that  therireting  (Art  511)  at  the 
Kidge,  Wall-plates,  and  Stmt  heads  is  sufficient  to  make  all  the  jcnnts  very  stiff  (as 
can  generally  be  arranged  in  snch  a  large  Truss  as  the  present). 

The  details  of  this  arrangement  fall  properly  under  the  head  of  **  Joints  ". 

As  in  the  figure  of  cross-eection  (T-iron)  chosen,  there  are  four  qaantities»  (viz., 
breadth,  depth,  and  two  thicknesses  to  be  determined,  and  only  vme  equation  of  condi- 
tion, (viz.,  Working  Stress  =>  Working  Resistance),  three  conditions  ronst  be  assnmed 
between  6,  d,  t,  {eee  Art.  521— (8))  :  it  will  be  convenient  to  assuBUft  values  for  b,  d  for 
reasons  explained  in  Art.  521. 

As  some  guide  in  assuming  6,  <f,  observe  that  the  cioss-sectioii  must  dearly  contain, 
more  iron  than  if  designed  as  for  a  ^  Short  Pillar  ",  on  which  supposition  (by  £q.  (2), 
Art  507),  A  «  *W  -s-/.  —  4  x  8,4861  -=-  86,000  —  3-87  incfaea. 

Assuming  accordingly  breadth  of  head  »  5^^,  depth  of  shank ««  4%  thickness  of 
head  and  shank  each  bb  t,  then 

Whole  Area  A  «.  5f  +  (4  —  I)  ( »  (9^  —  <*)  square  inches. 

Leastwidthd-  4",  Z  -  12  L  -  ( 12  x  ^).  -J        ^\      ^i^ 

/.  By  Gordon's  formula  Eq.  (18),  Art  iSOi, 
tW=/„A.^jl  +  c.(jy[ 

(Oe  -  /O  -  A  -  *W  .  1 1  +c(j)*  J  -h/c 

4  X  34861  f    ^J_   /40  X  12y  i 
"   86000   I  ■*"  8000  ^  V  8  X  4  /  I 

•=  8-874  .  /  1  +  ^1  =  8-874  x  1-68  =  5-»a 

Hence  t  =  '72  inches,  nearly,  or  eay  |-inch. 

Thus  the  Rafters  may  be  made  of  5"  x  4"  x  i'  T-i"^™** 

S^rttte.— These  are  to  be  designed  as  «*Fillars"  of  length  CTM'  or  CM."  (  =  16*), 
and  B'M'  or  8"!^'  (=*  13^'),  and  with  "  both  ends  fixed,"  provided  eare  be  taken  that 
the  riveting  (Art.  511)  at  their  ends  be  sufficient  to  make  the  joints  very  stiff  (as  caa 
generally  be  arranged  in  snch  a  large  Truss  as  the  present). 

As  in  the  cross  section  (a  pair  of  angle-irons,  thua  ^  P  X  ^^^'^'^^y  there  are  seve^ 
ral  quantities,  (viz.,  lengths  and  thickness  of  arms)  to  be  determined,  and  only  one 
equation  of  conditioh,  (viz.,  Working  Stresss  Working  Resistance^  several  conditions- 
must  be  assumed  between  the  quantities  required  (Art  521 — (8)). 

It  is  convenient  (for  constructive  reasons)  to  choose  the  an^^irons  alike,  and  of 
uniform  thickness,  also  to  choose  the  ratio  between  the  arms  as  1  :  2,  so  that  whea 
placed  together,  the  breadth  (6)  andjclepth  (jJ)  of  the  eomponnd  Stmt  may  be  equalr 
i.  e.,  fr  a  d»  It  is  convenient  also  (for  reasons  explained  in  Art,  521 — 8),  to  assume 
values  for  b,  d^  so  that  t  may  be  the  only  undetermined  quantity. 

As  some  guide  in  assuming  b^d^  observe  that  the  cross-section  must  clearly  contain 
more  iron  than  if  designed  aa  foe  a  ^  Short  Pillar '%  on  which  suppoeituin  by  £q.  (2), 
Art  507,  the  areas  of  iron  required  would  be 

For  CM'  or  CTW,  A  =  «W  -^/,  »  5  X  11666  -f-  36,000 «-  H  aq.  in.,  iwarl^ 
For  B'M'  or  B'M",  A  =  *W  -j-/c  =  5  X  9722  ^  86,000  —  1 J  sq.  in.,  nearUf. 
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As  the  Total  Areas  of  iron  reqaired  are  so  nearlj  alike  for  both  pairs  of  StrntSi  it 
wonld  be  preferable  (for  simplicity  of  constmction)  to  make  them  all  alike,  and, 
therefore,  all  like  CM'  or  CM",  (which  mnst  have  greater  scantlings  than  B'M'  or 
B'M",  as  they  have  to  bear  the  greater  Stress,  and  are,  moreover,  of  greater  clear 
length  (L». 

Assuming  the  arms  of  the  angle-irons  as  8  inches  and  1|  inches,  i.  e., 
rf  =  3',  *=  ir+li'sS*,  A  =  2  X   {ir  X  *+t(8  -  0}  =  3*-»". 

Hence  by  Grordon's  formala  £q.  (18),  Art  520. 

5  X  11666      r,     .    144  X  256) 


36000 


\     ^   3000  X  9  ) 


X  2-866  >  8-83  sqnaw  inches,  *  * 


I 


3600 

.*.  ^  =  I  inch,  nearly. 
Hence  all  the  Stmts  may  be  made  of  a  pair,  each  of  3'  x  U"  X  i'  inch  angle-iron. 

Example  9. 

Description. — A  symmetrical  Trass  of  64'  span  with  Rafters  braced  by 
two  Struts  :  the  Rafters  and  Tie-rod  (which  is  straight),  are  trisected  by 
the  bracing. 

Conditions  and  Notation  (see  Arts.  577,  578,  597).-— W  =  40,000  lbs., 

W'=  12,000  fl)s. 

Chnstruction  for  Vertical  Load, 

Frame-diagram,  Fi{f,  24  (a).  Stress-diagram,  Fig,  24  (6). 

Step    1,— Polygon  of  LoadM,  a''b''c''d''dc'h'a'ma%  as  in  Ex.  8. 
Step  IL — Resolution  of  Loads  at  the  joints, — The  Polygons  of  Forces  at  the  joints 
taken  in  saccession  are 

b'a'mpb'  for  joint  A'  ;  ma" byma"  for  joint  A*. 

c'b'Pq'c'  for  joint  B'  ;  pfc^qy  for  joint  B*. 

q'Pmnq'  for  joint  M'  ;  mpq^nm  for  joint  M". 

d'c'q'nr'd'  for  joint  C  ;  n^'c'cTr"?*  for  joint  (T. 
r'nmnr''r'  for  joint  M. 
rf''rf'r'r"<i''  for  joint  V. 

General  Formula. 

5W 
T3'  =■  ph'  =  mb'  coscc  mpb'  =  -r-^-  cosec  i,  {Thrust), 

5W 
n.y  =  fnp  =  mV ,  cot  mpb'  =  -— -  cot  1,  ( Tension). 

Ltd 

Q'  =  q'n  =  IqY    =    h  c'b'  =  ^ ,  (lension). 

W 

Sj'  =  pq'  =  5'»  coscc  q'pm  =  — .  coscc  t,  (Tbrust), 

K  =  r'r"  =  cTc'  +  c'd'      =   ^  ,  {Tension). 

o 
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T,'  =  ^V  =  p6'  -  pq"  =  T;  -  8/  =  ^c<Moc  t,  (TKru9(). 
Ti'  =  r'J' =  ph'  -  pr*  =  T;  -  2  8/  =  ^  cosec  i,  (JhruKty 
H|'  =  ffin  =  9'6' .  COS  i,  =  Tj'  .  oos  t  =  -^ .  cot  i,  {TenMum). 


S,'  =  iir'  =  ^/  «N«  +  r-N*  =  ^  (,'» .  cot  (Tinf  +  .Tc' 


Contfmtfhbn  for  Normal  Load, 

Frame-diagram,  Fig.  24  {e),  Stresa-diagnuiiy  Fig,  34  (iQ. 

8tep  1,— Polygon  of  Loads,  a''b'Mb'a'9a'',  as  in  Ex.  8. 

Step  II. — Reaolntion  of  the  Loads  at  the  joints,  —The  Polygons  of  Forces  for  the 
joints  taken  in  succession  are 

b'a'gp'b'  for  joint  A'  ;        ea^p's  for  joint  A". 
mb'p'qm  for  joint  B' ;        p'a'p'  for  joint  B'  (nnloaded). 
qp'gnq  for  joint  M' ;        MpTs  for  joint  M"  (unloaded). 
ymqnrb'  for  joint  C ;       p'^V  for  joint  C  (nnloaded). 
rntp'r  for  joint  M  (nnloaded). 
a'yrp''arioT  ioiniY. 

N,B, — The  Bars  B*M',  M'C,  CM,  are  seen  from  the  constmction  of  the  polygons 
to  be  ututrained, 

*S'      OQ"      08'      0  1*^  might  hare  been  anticipated,  in  con- 

/  unloaded  see  Art  575. 
General  FormuUe, 

T,'  =  p'V  =  eh'  cot  «f>'y  =  (R'  -  ^')  .  cot »,  iThruet). 

^=itp'=z  zV .  cosec  «|>'5'  =  (R' g-)  .  cosec  i,  (JeAsion). 

W 
B^'  =  p'g  =9N . cosec qpTSl  =  m^' .  cosec  2 1  =  -g-  •  ^^^'"^  "^  h  {Thrusty, 

Ti'=zqm=z  p'b'  -  p'N  =pV  -  gN  .  cot  ^'N  r=T,'  -  ^  .  cot  2  i,  {Thrust). 

W 
Q;  =znq  =  p'q,  nnqp^n  =  8/  .  sin  •  =  -g-  sec  i,  iTBnsion). 

W 

Ti'=  T/=: T/  =pV  =  a'i».  cosecaV**  =  "j"  •  *^°**^  ^  '>  (rA««0« 

Hi'ss  H/  =  sp*  =  «« .  cosec  sp'**  =  (R'  — ^)  .  cosec  i,  (Tsiuum). 

IV 
K  =  rp"  =  pV  .  sec  rp'e  =  m5^ .  sec  rp'e  =:  —  .  sec  I,  (TeiwiiHi). 
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W' 


Bi'=:gn=ztp'^p'n=gp*^qp'.coBi=:B'  -  S2'.co8i  =  (r'  -  -^)  .  coaec  t,  (IVfuiOT). 


81'  =  V  rp"*  +  np'^  =  V  fT""  +  (««  -  tpy  =  VK«  +  (Hi'  -  Hi"/  = 

=  /B?  +  (^co8ect)'  =^   /  4  8ec»  i  +  coBec' t,  (7%rttfO. 

Ti'=r>'  =  re  +  p*m=p'<?.tanr/c +iiM:cot«/?'«i=51.tani+ (B' 2-)cot  t,(r4nrf). 

S2'=0,  Q*  =  0,  Si"  =  0. 

Example  10. 

Description, — Asymmetrical  Qaeen-post  Trass  of  64'  span,  with  Haft- 
ers  trisected  by  the  bracing. 

Conditions  and  Notation  (see  Arts.  577,  578,  597).— W  =  40,000  fcs., 
w  =  1,000  ft)S.,  w'  =  2,000  lbs.,  W  =  12,000  fibs. 

This  Trass  is  the  same  and  under  the  same  Load  as  in  Ex.  2  of  Method  L 

Gmstruetwn  for  VtrHeal  Load, 
Frame-diagram,  Pig.  25  (a).  Stress-diagram,  Fig.  25  (fr). 

Step  L    Polygon  of  Loads. — The  "  Equivalent  Loads  at  the  joints  "  are  as  in 
Ex.  8,  except  that  owing  to  the  addition  of  the  Loads  w  on  the  Ridge,  and  w*  it 

foot  of  each  of  the  Qneen-rods,  the  Equivalent  Loads  at  these  points  are  f  —  j^  w) 
at  y,  and  W  at  M'  and  M'. 


Also  the  Re-actions  are  ^^"^^  +  w')  at  A',  A*. 


Taking  separate  Load-lines  (  as  directed  in  Ex.  5  )  for  the  Loads  on  Rafters  and 
Tie-rods,  it  follows  that  (the  lines  a*a'',  a'a'  overlapping) 

a''b''c''d'dc'h'aaa''a''  is  the  Polygon  of  Loads. 
Step  II.    lUsolution  of  Loads  at  the  joints. — The  Polygons  of  forces  at  the  jcant 
taken  in  succession  are 

h'a'a'p'h'  for  joint  A!  ;  a V6>'a'  for  joint  A'. 

c'b'p'q'c'  for  joint  B'  ;  p'b'c'(fp'  for  joint  B'. 

qp'a'mnq'  for  joint  M'  ;  nma'p''q''n  for  joint  M*. 
dc'iJnSd!  for  joint  C  ;  tfcfd'^^nq'  for  joint  CT. 
(Tef  N(f  for  joint  V. 

General  Formula. 
T3'  =  p'h  =  ha' .  cosec  h'p'a'  =  (6m  -f  ma') .  cosec  i . 

-g    +  -g-+  i.(-g-+  w).f  W'j  cosec  i=  (-—+~  +  w').  cosec  t,(rAr«#a 
H'  «  ap  =  Va\  cot  6>'q'  =  /  5]^  +  -|1  4.  w)  .  cot  i,  (TenHon^ 
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S'  =  p'q*  =  q'n\  coewi  q'p'n'  —  ^  .  coaoc  t=>^  .  ca»ci  « -jj  ooaeci,  iThruti). 

Q'  =  tin  «  jV  ^-  n'»  »  9V  +  a'm  «  !|.  +  a'ni  —  -j-  +  a'i»  —  "iJ +  ^»  (retin^Ji). 

Tj'  =  NiT  =  hmT  .  C086C  niNrf'  =  i  (—.  +  w  )  ,  cosec  t,  (rAnc#0. 
H    -  M»  —  ay  -  pVi'  =  ay  -  iff  .  C06  9>V 

=  H'  -  S'.  C06  t  =  (^  +  y-  +    W')  .  cot  <,f  TtfJMioilJ. 

Ao  Bs  N»  =  ffM  —  mN  a  »i»  —  m<r.  cot  mNtf' 

=H-i(^  +w).cott=-  (^+W')cott,(7*n«f). 

The  Student  is  recommended  to  compare  these  resolts  with  those  obtained  bj  the 
Method  of  Resolution  (Art  589),  with  which  they  are  of  course  identicaL  The 
greater  facility  of  the  present  method  (the  Polygonal)  will  be  at  once  CTident  on 
comparing  the  steps  of  the  two  processes. 

Construction  for  Normal  Load, 

Frame-diagram,  Fig,  25  (c).  Stress-diagram,  Hg.  25  {d). 

Step   L    Polygon  of  Loads,  a'fmb'a'Ma'',  as  in  Ex.  8. 
Step  IL    lUsolution  qf  Loads  at  the  joints  :~- 

Prdiminary  Remarks. — As  the  Constniction  of  this  StreBS-diagram  pre- 
sents some  difficulty^  it  will  be  somewliat  fally  explained.  It  will  be  found 
(on  actoal  trial)  impossible  to  close  np  all  the  Polygons  of  Forces  for  the 
Truss  with  an  open  quadrilateral  dAIWC  figured  in  Fig.  25  (a)  or  (c) 
under  the  Normal  Load  applied  to  one  side  only  of  the  Soof  as  A'V. 
The  reason  of  this  is  clearly  that  equilibrium  of  such  a  Truss  under  this 
(unsymmetrical)  Loading  is,  under  the  preliminary  hypothesis  of  "  perfectly 
free  "  joints  (Art  563),  simply  impossible :  the  fact  is  that  no  open  sym- 
metrical polygon  such  as  the  open  (sse  Art.  564)  quadrilateral  O'M'M'C^, 
Fig.  25  (a)  or  (c)  with  perfectly  free  joints,  can  be  in  equilibrium  under  an 
unsymmetrical  Load,  (e.  g.,  under  a  Wind-Pressure  on  one  side  only.) 

N,B. — This  is  a  good  instance  of  the  valne  of  the  **  Polygonal  Method  "  in  in- 
dicating (if  properly  drawn  to  scale)  that  the  Design  is  faulty,  at  least  under  the 
preliminary  imperfect  hypothesis  of  **  perfectly  free  "  joints,  (Art  568).  This  would 
of  course  have  been  discovered  also  by  Method  i,  but  not  quite  so  readily. 

It  appears,  therefore,  (under  the  hypothesis  of  ''  free  joints ",)  to  be 
necessary  to  add  some  additional  bracing  to  preserve  the  equilibrium 
under  unsymmetrical  Load. 
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This  might  of  course  be  done  in  msn j  ways :  the  simplest  waj  sppean 
to  be  to  sdd  the  Bars  CM*,  CTM',  to  diride  the  open  qnmdrilateral  into 
triangles  (the  only  form  which  with  "  free  joints  "  can  resist  Jjomd 
tribated  in  any  manner  whateyer). 

Ji.B.^One  only  of  the  Ban  (TU%  CM'  is  essential  to  equilibrium,  but  it  is 
to  sdd  both  for  the  sake  of  symmetry  :  bat  eren  then,  ome  only  of  these  b«rs  is  idied 
on  for  resisting  the  Wind  ss  blowing  from  tiie  rufht^  snd  tke  other  for  resisting  Wind 
from  tiie  l^tj  so  thst  in  drawing  the  Stress-disgram  for  Wind  from  the  r^kt  ss  in 
flgore,  one  bar  is  neglected  ;  and  similsrly  if  a  special  Stress-diagram  be  dimwn  for 
Wind  from  the  Ufi^  the  other  bar  wonld  be  neglected.  Bat  there  is  a  farther  mwriyft- 
etU  reason  for  introducing  only  ame  of  these  bars  at  a  time,  tis.,  to  amid  the  diiBcally 
of  the  "  Indeterminate  Problem  "  (explained  in  Art  576,  q.  v.),  which  would  be  intro- 
duced, as  will  be  seen  on  actual  trial,  see  below. 

It  is  optional  which  Bar  shsll  be  introdoeed  on  eadi  oecarion.  In  the  Fkaon- 
diagram  (JV  ^^(O)  fo^  Wind  from  the  rifht,  the  bar  CM' is  introdoeed  i  and  C^W 
will  be  considered  ss  introduced  solely  for  resisting  Wind  from  the  left. 

Stress-diagram  eonstruction, — The  bar  CM'  baring  been  added,  there  will  now  be 
no  difficulty  in  drawing  the  Stress-diagram  {Fig.  25  (iQ).  The  Pc^ygona  of  Farom  st 
the  joints  taken  in  succession  are 

b'a'tp'b'  at  joint  A' ;        sa'jf*  i^  joint  A'. 

mb'p'qm  st  joint  B' ;        p'eTp'  at  joint  B*,  (unloaded). 

qp^snq  at  joint  M';        nzp'en  at  joint  M'. 

iV:R— Had  the  bar  CM'  been  included  (as  well  as  CM*)  in  the  Frame,  then  s±  Urn 
joint  M'  there  would  have  been  more  thsn  two  unknown  Stresses,  ris.,  those  on  As 
bars  M'M',  M'C,  M'C  to  determine,  a  problem  which  has  been  explained  to  be 
indeterminate  (Art  576)  :  nor  could  this  diflScnlty  be  avoided  by  taking  the  joints  in 
any  other  order.    The  remaining  polygons  are 

h'mqnery  for  joint  C  ;        rep'a'r  for  joint  C,  (unloaded). 
a''b'ra'  for  joint  V. 
The  check  on  the  work  is  obvious. 

Note.—WxiYi  Wind  blowing  from  the  lefty  the  Bar  CM'  is  introduced  and  CM*  is 
omitted  for  reasons  above  explained  ;  the  Stress  on  the  Bar  CM'  will  from  the 
symmetry  of  the  figure  clearly  be  the  same  as  that  on  CM'  under  Wind  from  the  rigXt. 
Both  these  bars  will  thus  be  found  to  be  in  compression  :  if  interchanged,  they  would 
be  found  (by  constructing  new  Stress- diagrams)  in  tension. 

General  Formula. 

T;  =  p'b'  -  tb' .  cot  tp'b'  =  (R'  -  ^)  .  cot  i,  (  Thrust). 

/  W'\ 

H'   =  tjf'  =  sb'.  coeec  xp'b'  =  (R'  —  — )  .  cosec  »,  (Tension). 

W' 
S'    =  p'q  =*  f  N .  cosec  qpH  =  -^  .  cosec  2  i,  {Thrust). 

w 

Q'   ==  OS   s  p'q.  sin  qp'n  =  S'.  sin  t  =  --7-  .  sec  t,  {Tension), 

W' 

T/  r=  T/  =«  p'a'  «  a'm .  cosec  a'p'm  =  —  .  cosec  2  t,  {Thrnst). 
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Ti*  —  ra'  «=  a'i*.  cosec  a'rh'  »  ^  .  cosec  2»,  (2%fKiO- 

D 

Ti'  =  rh"  —  a'V  .  cot  a'rh'  —  ^' .  cot  «i,  (nn«f t). 

o 

H    .«  s«  »  cp'  -.  p'fi  -I  H'  -  S'.  COB  t  »  ^H'  -^^  ooaec  i,  (reiuum). 
H'  =  sp'  =  cm  cosec  xp'm  »  /R'  —  — )  .  cosec  t,  ^Tetuhti). 

W 
h^  sser    =  ep*.  cot  tfrp'™ Q*  .  cot i— —ooaec  t,(rAn«0- 

t 

Oaution  to  Studsmts. 

The  following  mistake  is  rery  frequently  made  by  beginners  in  finding 
the  Stresses  in  Trasses  by  Method  i,  (Method  of  Resolution). 

Take  the  simple  case  of  the  simplest  Truss,  Fig.  16  (a) : — Haring  ascertained  the 

W 
**  Equiyalent  Load  "  on  the  Tcrtex  (V)  to  be  -^  ,  they  proceed  to  say  that 

"  The  Stress  down  VA'  or  VA"  produced  ^  -^  is  clearly  (?)  equal  to  the  resolyed 

part  of  -^  in  those  directions,  i.  «.,  to  —  sin  i  "•    Now  this  is  only  partlp  trae,  t .  e., 

W  W 

•^  sin  i  is  only  a  part  of  the  Stress  produced  by  the  Load  -j-  :  it  ought  to  be  erident, 

from  mere  inspection,  that  the  "  Direct  Besistances  "  of  the  rafters  AT,  AT  at  the 

W 
point  V  must  neecMtarHy  be  both  greater  than  — ,  because  neither  of  them  directly 

oppose  the  Load  -^,  whereas  the  result  -^  sin  i  obtained  aboTe,  is  leas  than^ 

(because  sin  t  is  necessarily  <  1). 
The  fact  is,  that  the  Direct  Besistances  of  AT,  AT  at  Y  must  be  exactly  so  much 

greater  than  the  (Vertical)  Load  -^,  that  the  sum  of  their  rertically  resolred  parts 

W 

shall  balance  —  ,{.«., 

T*  cos  ATH  +  T^  COS  ATH  =  (T  +  T^  sin  i  —  ^  (i). 

But  inasmuch  as  their  horiaootally  resoWed  parts  must  balance  each  other  to  main- 
tain equilibrium  at  V, 

T*  sin  ATH  —  T*  sin  ATH,  whence  T*  —  T^ (ii). 

W 
Hence  from  (i),  T'  a-t-j-  cosec  t  b  T*  - ^^ ^.  0ii). 

Observe  that  this  result  is  the  same  as  obtained  in  Ex.  (1)  of  Method  it 
The  mistake  alluded  to  can  nerer  occur  in  use  of  any  graphic  method  (this  is  one 
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praat  advantage  of  Method  ii),  nor  can  it  occur  if  the  particolar  train  of  reasoning 
adopted  in  this  Treatise  (see  Art.  582— (1)  and  (4),  also  jost  stated  above)  be  inra- 
riably  followed,  when  using  the  ^  Method  of  Rosolntion  "  (Method  i)  viz.,  of  dedoc- 
ing  V,  T"  from  the  fundamental  equations  of  eqnalibrium,  i.  e., 

^Xl^^'K  T^*'"*  I-^  <^[  -  V^tid  Lo^l. (i). 

8um  of  horiiontally  resolved  parts  (  ^  Horixontal  Load  (if  any)          1         ^.. 
of  the  Stresses  T^  T*,  (  —  0,  if  there  is  no  horiaontal  Load.  I ^"^ 

Anj  method  of  equating  resolved  parts  without  dittinctljf  expressing  the  ooaditiona 
of  equilibrium  is  very  liahU  to  error.  In  graphic  methods  these  conditions  are  satis- 
fied by  the  act  of  construction,  which  (when  complete)  generally  renders  errors  evi- 
dent to  the  eye. 


»i 


Note  to  Method  ii.— This  method  styled  in  this  Treatise  the  *<  Polygonal  Method 
is  due  to  Professor  Clerk-Maxwell ;  it  is  hence  sometimes  described  "  as  Clerk-Max- 
wdl's  Method." 

The  germ  of  this  Method  is  contained  in  the  following  proposition  in  Bankine'a 
Applied  Mechanics  (Art  150),  viz., 

**  If  lines  radiating  from  a  point  be  drawn  parallel  to  the  lines  of  resistance  of  the 
**  bars  of  a  polygonal  frame,  then  the  sides  of  any  polygon  whose  angles  lie  in  thoae 
**  radiators  represent  a  system  of  forces,  which,  being  applied  to  the  joints  of  the  frame, 
**  will  balance  each  other,  each  force  being  applied  to  the  joint  betvreen  the  bars  whidi 
**  are  parallel  to  the  pur  of  radiators  that  enclose  ihe  side  (of  the  polygon  of  forces) 
**  representing  that  force.  Also  the  lengths  of  those  radiatocs  represent  the 
**  along  the  bars  to  which  they  are  paralleL" 


CHAPTER   XXVI. 
TRANSVERSE  STRAIN. 

Preface.'-ThiB  Chapter  also  has  heen  re-written  *  hnt  in  consequence  of  the  Tcry 
urgent  demand  for  the  Treatise,  its  scope  has  been  limited  nearly  to  that  of  the  simi- 
lar Chapters  (XL  and  XXL)  of  the  last  (2nd)  Edition,  tix.,  to  the  simple  forronln  for 
Breaking  Weight,  and  to  Barlow's  simple  deflexion-formnlie.  The  subject  of  Trans- 
verse strain  generally,  will  be  continnedf  in  the  3rd  Edition  of  the  2nd  Yolame. 

598.  Transverse  Strain. — Any  piece  of  material  loaded  trans- 
versely,  t. «.,  in  which  the  Re-actions  of  the  supports  do  not  directly  oppose 
the  Load,  is  said  to  be  ''  strained  transyersely  ",  or  to  be  nnder  Transvbrsb 
Strain. 

599.  Beam,  Oirder,  Cantilever. — Any  piece  of  material  nnder 
TransYerse  Strain  is  called  th  general  a  Bbau  :  a  large  or  composite  Beam 
IS  often  called  a  Oirdbr.  A  Beam  firmly  fixed  to  one  support  only,  and 
loaded  anywhere  over  the  projecting  portion  is  called  a  Semi-girdbr  or 
Caktilbvbr. 

600.  Horizontal  Beams. — The  Beams  in  ordinary  nse  in  Engi- 
neering are  nsnally  korizontalf  and  laid  on  fumzwUal  Bupparts.  It  will  be 
convenient  (for  brerity)  to  confine  attention  to  these;  accordingly  the 
term  Beam  in  this  Chapter  is  to  be  understood  as  "  Horizontal  Beam  on 
horizontal  supports  *\ 

[A^J^.^This  limitation  is  solely  to  aroid  circmnlocntion :  the  principles  in  this 
Chapter  are  applicable,  mutati*  mutandui  to  Beanu  in  any  position].  • 

601.  Transverse,  Direct^  Twisting-Strain.— The  whole  of  the 
External  Forces  or  Loads  applied  to  a  Horizontal  Beam  may  clearly  be 
resolved  into  three  sets : — 

l^    Ybrtioal. — These  alone  produce  Transyerse  Strain  ;  the  inyetti- 

gation  of  this  Tkanstbrsb  Strain  ahne  will  be  treated  in  this  Chapter. 

[^.^.— These  also  produce  Twisting  Strain,  hnt  seldom  to  any  great  extent  in  ac- 
tual Engineering  Stmctnres]. 

*  By  the  nme  anihor. 
t  Alio  In  the  new  College  MaoiMl  of  Appliefl  Kschanioi. 
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V.  HoBizoNTAL-LoKGiTUDiNAL  (t.  e.,  aloDg  the  Beain).-^13ie8e  produce 
dirtci  Strain  and  Stress  along  the  Beam,  which  have  heen  fall j  considered 
in  Chapter  XXV. 

3%  Horizontal-Travsvbrsb. — These  produce  Twiistin^  Strain,  but 
seldom  to  any  great  extent  in  actual  Engineering  Stractnres. 

602.  Mode  of  support — The  mode  of  support  of  a  Bkam  has  an 
important  influence  on  its  Strength,  see  Table  in  Art.  607.  The  following 
terms  will  be  employed  for  brevity  to  distinguish  the  usual  modes  of  sup- 
port:— 

l^     Cahtilbvbr. — Fixed  at  one  end. 
2**.     SuPFORTBD  Beam. — Supported  freely  at  both  ends. 
^^     FiXBD  Beam. — Supported  and  fixed  (in  direction)  at  both  ends. 
4"*.     Supported  and  Fixed  Beam. — Supported  at  both  ends,  and  fixed 
(in  direction)  at  one  end. 

603.  Bending,  Flezurei  Deflexion.-— The  principal  observed  effect 
of  Transyerse  Load  on  a  Beam  is  Bending,  Flexure,  or  Deflexion.     Some 
of  the  laws  of  flexure  will  be  stated  hereafter.     It  is  sufficient  to  state 
here  that  the  Deflexion   is  generally  greatest  at  the  point  where  the 
Besultant  of  applied  external  Loads  acts,  t.  e.»  opposite  the  greatest  Load. 

604.  Nature  of  Transverse  Strain. — A  simple  experiment  will 
show  that  Transverse  Strain  is  of  complex  character,  and  resolyable  into 
the  simple  strains  of  Tension,  Pressure,  and  Shear,  producing,  therefore, 
simultaneously  Tensile,  Crushing,  and  Shearing  Stresses  in  the  material. 

605.  Breaking  Weight,  Working  Stress.— The  design  of  Beams 
to  resist  Transverse  Strain  admits  of  two  distinct  methods  of  treatment 

(i).  From  the  Breaking  Weight,  or  Load  which  applied  transversely  in 
a  given  manner  will  break  the  Beam  across. 

(ii).  From  consideration  of  the  simple  Stresses,  t.  c,  by  resolntion  of 
the  effect  of  a  Load  applied  transversely  into  the  simple  Stresses  ( Longi- 
tudinal, t.  e.j  Tensile  and  Compressive;  and  Tangential,  t.  e..  Shearing) 
which  it  actually  produces  in  the  different  parts  or  pieces  of  the  Beam, 
which  are  therefore  the  "  Working  Stresses  '*  on  those  parts. 

606-  Comparison  of  Methods — (i).  Method  i,  of  designing  from  the 
Breaking  Weight  which  applied  transversely  would  break  the  Beam  across, 
is  by  far  the  simpler,  and  more  rapid  way,  but  it  is  entirely  dependent  on 
experiment  on  Beams  of  similar  kind,  similarly/  loaded ,  and  is,  therefore, 
not  easily  susceptible  of  generalization  to  Beams  different  and  differently 
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haded  to  those  experimented  on.  It  has  also  the  adyantage,  when  limited 
to  the  class  of  Beam  and  particular  loading  experimented  on,  of  being  in- 
dependent of  any  hypotheses  as  to  the  state  of  strain.  On  account  of  its 
simplicity,  this  method  is  recommended  for  unimportant  cases  in  which 
economy  of  material  is  not  of  much  importance  {e.  ^.,  in  solid  wooden 
beams  or  joists). 

(ii).  Method  ii  of  designing  each  portion  of  a  Beam  to  bear  the  Work- 
ing Stress  that  actually  falls  on  it  is  (except  for  solid  sections)  the  only 
really  scientific  method,  t.  c,  the  only  one  by  which  an  economical  arrange-^ 
ment  of  material  can  be  made.  It  is  far  more  difficult  than  Method  i,  and 
as  usually  applied  is  strictly  only  applicable  to  those  materials  for  which 
the  moduli  of  direct  (t.  e.,  Tensile  and  Crushing)  Elasticity  are  nearly  equal 
(E^t  =  Ee).  This  last  objection  is  not  inherent  in  the  method,  the  princi- 
ples of  which  are  broad  enough  to  embrace  any  material,  but  the  usual 
(almost  universal)  mode  of  its  application  does  so  limit  it.  This  must  be 
carefully  borne  in  mind. 

[A.  B.— This  method  will  be  f ally  treated  of  in  the  3rd  Edition  of  Vol  H  of  this 
Treatise]. 

Method  (i). 

607.  The  formulce  of  this  method  all  giye  the  Breaking  Weight  (P). 
With  these  must  of  course  be  combined  the  fundamental  formulae, 

P  =  5W,or  P  =  s'W  +  s"  W% (1). 

of  Art.  457,  when  the  Working  Load  (W)  is  in  question. 

608.  It  has  been  ascertained  by  experiment,  that  in  Beams  which  are 
similar,  similarly  loaded  and  supported,  the  Breaking  Weight  varies  as 
the  breadth  and  square  of  the  depth,  and  inversely  as  the  length,  t.  e.,  (for 
Notation,  see  Art.  461). 

P  oc  ^  ,  or  P  =::  (constant)  X  ^ (2). 

N,B. — Tliis  constant  is  of  course  derived  from  experiment :  the  Result  (1) 
furnishes  at  once  the  Breaking  Weight  (P)  of  Beams  similar,  similar^ 
ly  loaded  and  supported  to  those  for  which  the  above  ''constant''  has  been 
determined  by  experiment  (but  of  no  others). 

This  ''constant"  has  been  commonly  recorded  only  for  one  case  for  which 
it  is  called  the  "  Modulus  of  Rupture  ",  thus 

/)b  =  "Modulus  of  Rupture",  or  "Modulus  of  Transverse  Strength". 

4  V 
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=  Weight  (in  ponnds)  which,  applied  eyenly  across  the  middle  of 
straight  horizontal  uniform  Beam  ofVx  V  scantlingj  simplj  Ud 
on  two  supports  1  foot  apart  (in  the  clear),  will  jast  break  it. 
Then,  for  such  Beams  (t.  e.,  of  uniform  rectangular  section,  90  loaded  an^ 
supported). 

P  =;>...  T («' 

N.B.'-pt  is  ascertained  6y  experiment  as  set  forth  :  it  is  recorded  onlj  for  Tin 
her  ;  for  its  valoes  for  Indian  Woods,  »ee  Chapter  Y.,  Sec.  L  For  other  Woods  as 
other  materials,  the  valnes  of  /b  =;  18  Pb*  are  recorded  in  Appendix  II. 

It  has  also  been  found  by  experiment  that  the  '*  Ultioaate  Transyersi 

Strength  ",  or  Breaking  Weights  of  similar  Beams  difiPering^  as  follows  u 
their  Load  and  mode  of  Support  are  as  shown  in  the  following^  Table.  Il» 
Table  shows  the  ratios  of  the  Breaking  Weights  of  similar  Beams  (of  aaj 
form),  and  also  the  actual  yalue  of  the  Breaking  Weight  (P)  in  poondi 
for  Beams  of  uniform  rectangular  cross-section. 


Caw. 

Bmua. 

Sappoct. 

Load. 

Ratio  of  Break- 
ing Weights 
in  timil€tr 
Beams. 

• 

Breaking  Wtightm  CP)       J 

In  pounds  for  unlfonn    1    ^ 

rectangular  BeamiL       1    Z 

i 

Cantilever 

or 
Semigirder. 

Fixed  at     ) 
one  end,    S 

At  free  end, 

i 

ip^.bd'-^I. 

'(*> 

ii 

Uniform, 

i 

4in».W*-r-I. 

iSh 

in 

Beam, 

Freely  sup- 
ported at  < 
both  ends, 

At  middle, 

1 

Pb.W>.^L 

(6> 

iv 

TTniform, 

2 

2pb*&<^-7-L 

in 

Y 

At  point  *',  *" 
from  either  end, 

4     a^xT 

iPb.&d'L-^  («'«,') 

(8). 

Yi 

Beam, 

r 

Fixed  at  ^ 
both  ends, 

V 

At  middle, 

i 

|Pb-W»-f-L 

w 

•  • 

TU 

Uniform, 

8 

8pb.Jrf«4-L 

(10). 

nil 

At  point  x\  x" 
feet  from  either 
end, 

8      L> 

8         M'x* 

|Pb.W*L-^(*'^) 

(11). 

*  The  definition  of  /b  and  explanation  of  the  relation /b  ■■  18pb  will  be  given  in  the  SndToliuBt 
of  this  Treatise  (8rd  Bd.)i  and  in  the  College  Manual  of  Applied  Mechanics. 
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609.  Fixed  Beam. — It  would  appear  from  comparing  Besnlts  (6, 
7,  8)  with  (9, 10, 11)  respectiyelj  that  the  Ultimate  Strength  of  a  support- 
ed Beam  was  in  each  case  of  Loading  set  forth  ina'eaaed  by  fixing  its  ends 
in  the  ratio  3:  2.  These  Results  (9,  10,11)  are  quoted  from  Barlow's 
Strength  of  Materials,  Ed.  1845.  Result  (9)  was  obUined  by  P. 
Barlow  by  actual  experiment  on  Ultimate  Strength  (Breaking  Weight),  but 
the  evidence  of  Results  (10),  (11)  is  not  sUted.  Results  (9)  and  (11) 
differ  remarkably  from  the  corresponding  Results  obtained  by  Method  ii 
for  the  Working  Strength,  that  is  to  say  the  Working  Strength  of  Fixed 
Beams  does  not  appear  to  be  connected  with  the  Ultimate  Strength  by 
any  such  simple  relation  as  P  s  «W,  or 

"  Ultimate  Strength  =  Constant  (factor  of  safety)  x  Workmg  Strength" 
As  the  Working  (not  the  Ultimate)  Strength  is  the  only  important 
question  in  Engineering,  the  real  utility  of  Results  (9, 10, 11)  seems  ques- 
tionable. 

[N,B. — An  inyestigation  is  given  in  Barlow's  Essay  on  Strength  and  Stress  of 
Materials  (1826),  and  Treatise  on  Strength  of  Timber,  &c  (1845),  purporting  to  show 
that  the  ratio  oaght  to  be  8  :  2  for  the  Working  Strength  of  Ceases  iii  and  vi,  but  the 
proof  is  defective.  For  a  full  discussion  of  the  evidence  of  Resnlts  (9,  10,  11)  «ee 
Paper  LIL  of  **  Professional  Papen4  on  Indian  Engineering,"  Second  Series,  1872, 
<'  On  Beams  Fixed  and  Supported  "  by  the  present  writer]. 

610.  Application  to  Timber. — The  Table  gives  all  that  is  ordinarily 
required  for  Simple  Wooden  Beams  of  uniform  rectangular  cross- section 
(the  usual  form),  t.  e.,  it  giyes  for  the  eight  ordinary  modes  of  Load  and 
support. 

(1). — The  Breaking  Weight  (P)  and  Working  Load  (W)  for  a  giyen 
Beam  (in  which  &,  d,  /  are  known). 

(2). — The  yalue  of  5d*  for  a  Beam  to  carry  a  given  Load  W  (=  P  -r-  « 
=  factor  of  safety.  Art  457). 

The  yalue  of  either  ^  or  d  or  the  ratio  hid  \b  usually  fixed  from  prac- 
tical considerations,  thus 

1*.  In  flat  roofs  the  breadth  h  of  the  joints  on  which  the  bricks  or  tiles 
is  generally  made  3  inches,  thus  giving  1\  inches  bearing  to  each  brick 
or  tile  resting  on  it. 

2%  The  ratio  b  :  d  may  be  conveniently  taken  as  1 :  Vs  or  as  2  :  8,  e? 
being  generally  taken  >  b  because  the  Ultimate  Stbemoth  (which  is 
measured  by  the  Breaking  Weight  or  Ultimate  Resistance,  Art.  456-1)  in- 
creases as  the  square  of  the  depth,  t.  e.  much  more  rapidly  with  the  depths 
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than  with  the  breadth.     When  b,  d  or  the  ratio  h :  d  hare  been  thus  fix* 
the  equations  (4  to  11)  of  the  Table  supply  the  yalaes  of  dy  b^  or  of  h  and 
respectively. 
611.     Hodgkinson's  FormnlaB  for  <'  Supported  **  Iron  Beams. 
The  following  simple  formula  derived  from  the  experiments*  of   Meas: 
Hodgkinson   and   Fairbaim  is  very  useful  for  Cast-  and   Wrought-ir 
<'  Supported  '*  Beams  of  form  similar  to  those  experimented  on^  u  e^ 
I- Section  with  a  thin  web. 

P  =  Breaking  Weight  (in  pounds)  applied  evenlj  across  the  middk 
At  =  Area  (in  square  inches)  of  tension  (lower)  flange  at  the  middk 
Ae=  Area(in  square  inches)  of  compression  (upper)  flang'e  tUthemidd 
d  =  Depth  of  girder  (in  inches)  at  the  middle. 
I  =  Length  or  Span  in  the  clear  (in  inches). 


Then  Breaking  Weight  (in  tons)  =  P  -H  2240  =  C  . 


Atd 


(12 


Material. 


Description. 


Ratio  of  At* 


Value  aiCb 
tons  per  aq.  ii 


Cast-iroD, 
Wrought-iron. 


Of  strongest  form  of  cross-section, 

At  =      6Ae 

96 

Tnbniar  or  Box  Girder, 

A.=    HAe 

80 

Plater(latcrally  supported) 

Ac  =      2A, 

74-4 

riate-(not  laterally  supported),     ... 

Ac  =      2  A, 

60 

Lattice  Girder,        

Ac  =      2A, 

679 

rf  =  ^  /  to  1^  Z  in  each  case. 


N.B. — As  these  fomiur»  contain  no  factor  to  modify  them  fbr  different  figures  of 
Beam,  they  are  only  applicable  to  Beams  of  figure  mentioned,  i.  e,,  in  which  the  ratiw 
d ;  I,  and  At :  Ac  arc  approximately  as  stated  in  the  Table.  It  should  be  noticed  that 
these  are  the  figures  i/vhich  have  been  ascertained  by  experiment  to  be  the  brst  in  each 
past. 

The  Breaking  Weight  (P)  of  such  Beams  Loaded  and  Supported  in  any 
of  the  eight  modes  detailed  in  tlie  Table  of  Art.  608,  may  be  at  once  cal- 
culated by  applying  the  proper  ratio  given  in  that  Table  to  the  value  of 
P,  as  given  by  Eq.  (12),  so  that  this  formula  with  the  Table  of  Art.  608, 
gives  for  Iron  Beams  yor  the  eight  most  useful  modes  oj  Load  and  Support, 
and  for  those  figures  which  have  been  ascertained  hy  experiment  to  be  best^ 

1°.  The  Breaking  Weight  (P)  of  a  given  Beam  (in  which  therefore 
At,  ^  rf,  I  are  known. 

•  Fnirb«im'«  Application  of  Iron  to  Buildings,  pages  38, 81, 109, 124. 
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2^.    The  areas  (At,  Ac)  of  the  flanges  at  the  middle  section  of  a  Beam 
to  carry  a  given  Load  W  =  P  -r-  (factor  of  safety). 

fJV.J9. — It  shoaldbe  noticed  that  £q.  (12)  is  really  only  a  modification  of  £q.  (1) 
in  a  form  more  snited  to  iron-work  ;  for  since  the  constant  (C)  is  applicable  only  to 
similar  Beams  in  which  therefore  the  ratios  of  Ac  or  At  to  the  rectangle  (whoee  area 
is  bd)  circumscribing  the  cross-section  are  fixed,  it  follows  that 

P  =:  2240  C  .  -4-  =  (constant)  x  -r  >  (*«  «^«  «»  (!)• 
For  a  complete  theoretical  investigation  of  £q.  (12)  by  Method  ii,  nee  Fairbaim's 
Application  of  Iron  to  Buildings,  page  23G]. 

Stiffness  and  Dbflbxion. 

612.  BtifChess. — A  beam  must  possess  sufficient  Stiffness  to  prevent 
yielding  (bending  or  deflecting)  to  such  an  extent  as  would  injure  its 
superstructure  ox  its  own  joints  or  framing,  (compare  Art.  465). 

It  should  be  observed  that  the  Strength  of  the  Beam  is  an  independ- 
ent question ;  it  is  quite  possible  that  a  Beam  amply  strong  enough  to 
carry  its  superstructure,  might  yield  (bend)  under  it  so  much  as  to  injure 
that  superstructure,  or  its  own  joints  or  framing. 

Example, — A  flat  terraced  roof  or  a  ceiling  would  be  cracked  by  a  very  slight 
yielding  of  its  supporting  Beams.  The  joints  of  a  framed  Bridge- Girder  would  be 
injured  hy  a  slight  yielding  (deflexion)  that  would  not  seriously  test  the  strength 
of  the  continuous  portions. 

613.  Def.  Deflexion. — The  greatest  amount  of  (vertical)  displace- 
ment of  an  originally  horizontal  line  of  a  (horizontal)  Beam  under  Trans- 
Terse  (Vertical)  Load  is  called  its  Deflexion:  this  will  be  denoted  by  Z. 

The  ratio  2  :  /  of  Working  or  Proof  "  Deflexion  "  to  Length  of  Beam 
is  fixed  from  practical  experience. 

Professor  Hankine  states*  as  its  limits. 

For  Working  Load,  ^  =  from  ^  to  jl^ 

For  Proof  Load,  i  =  from  gjj  to  ^5 

Tredgold  adoptedf  the    value    5  -^  /  =  t^^  for  Timber  joists  carrying 
ceilings  under  Working  Load.   Professor  Rankine  gives  examples*  in  Iron-r 

work  in  which  the  value  of  2  -r  /  =  ^tst  ^  qaS  ^o'^  Cast-iron,  and  =  — ;;- 

oUU  oUU  100(1 

for  Wrought-iron  under  Working  Load. 

[N.B.  It  is  to  be  observed  that,  were  the  ratio  9  :  I  dependent  solely  on  the  stiff- 
XLess  necessary  for  the  superstructure,  the  ratio  would  be  the  same  for  every  Beam  of 

•  Mannal  of  Clyil  Enfflneering  6th  Bd.,  Art.  170. 

t  Elementary  Principles  of  Carpentry,  Arte.  79,  89, 
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whatoTer  material  for  one  kind  of  sapentractare  ;  bat  as  it  also  depends  oo  tlie  Stiff- 
ness necessary  to  preserve  the  joints  ;  it  will  also  vary  with  different  materials.  No 
definite  roles  however  exist]. 

614.  Barlow's  formulaB.— Four  formulee  were  given  by  P.  Barlow  for 
the  mazimutn  Deflection  2  in  a  Solid  straight  horizontal  uniform  rectangular 
Beam  vert/  slightly  bent  under  Transverse  (Vertical)  Load  which,  as  they 
are  in  a  form  particularly  suited  to  Timber,  especially  Indian  Timber,  for 
which  the  co-efficient  of  Elasticity  usually  recorded  is  Ed  (see  Art.  551 
Chap.  XXIV.),  are  here  quoted. 

(iV.R — As  to  the  caatioa  required  in  the  use  of  Tables  of  Ed,  »ee  Art.  550,  Chap. 
XXIV.) 

They  are  given  here  in  two  forms.     For  Notation,  see  Art.  461. 
1^.     Suited  for  European  Timber,  for  use  with  the  particular  £}«  tabula- 
ted in  Barlow's  "  Treatise  on  Strength  of  Timber,  &c.,"  Ed.  1867. 
2^.     Suited  for  Indian  Timber,  for  use  with  the  ''  Roorkee  Eld  "  ;  S€€ 
Chapter  V.,  Sec.  I.,  for  Table  of  values  of  the  ^'^Roorkee  Ed  ** 
for  Indian  Timber.  • 
The  equivalent  formulie  for  use  with  Et  (Modulus  of  Tensile  Elasticity) 
are  also  given,  derived  from  Method  ii  of  treating  Transverse  Strain*. 


Barlow's  Formulae  for  Maximum  Deflexion  (^). 


Load. 


2 

0 

09 

o 


W  at  free  end, 


Uniform  Ty>ad(7r), 
W=Wholc  Load. 


Q    03 
P.  O 

g-cq 


W  at  middle, 


rniform  Tx)ad(ir) 
VV=Whole  Load. 


8 


<« 
PS 


Solid  straight  horizontal  uniform  rectangular  Beams. 


European  Timber. 

Uee  Barlow's  E^ 
in  Treatise  on 
Strenpth  of  Timber 
Ed.  1867. 


Indian  Timber. 
Use  Boorkee  Bj 


Any  Material. 
UaeEt* 


PW 


Ed  .  f>(P 


*tV 


rw 


Ed  .  bd^ 


1         ^^ 
^^'Ed  ,bd' 


lf5    .1^ 


L»W 


*.tV 


PW 
Ed.  bd' 


L=W 
•Ed.W^ 


PW 
Et.bd^ 


/»W 
Et.bd* 


»»  •  Et .  6<f» 


*  Bankine'B  Manual  of  Ciyil  Engineering,  6th  Bdition,  Art.  169. 


C4 


(13). 

(15> 
(16). 
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Barlow's  fonrmlae  not  containing  any  factor  to  modify  tfiem  for  differ- 
ent fignrea  of  Beam,  or  for  different  manners  of  Load  and  Support,  are 
strktly  limited  in  application  to  the  cases  set  forth  in  the  Table. 

615.  Evidence  of  these  formulce, — It  was  proved  bi/  experiment  by  P. 
Barlow  that,  in  a*  solid  straight  horizontal  uniform  rectangular  ''  Support- 
ed" Beam  loaded  with  a  single  Load  (W)  across  its  middle,  the  quantity, 

---s^  =  a  constant  quantity  (within  elastic  limit)  provided  the  Beam  be 

only  slightly  bent,  (compare  Art.  549,  Chap.  XXIV). 

[N.B. — These  last  words,  "very  slightly  bent,"  form  a  very  important  limitation 
to  the  formula  :  this  will  be  better  understood  after  reading  Method  ii  ]. 

The  ratios  1  :  f  ^  tV  '  f  ^  iV  ^^^^  ^^^  given  by  him  on  theoretical 
grounds. 

616.  Mistake  m  Barlow^s  earlier  works* — The  ratios  given  in  P.  Barlow's  ear- 
lier works  ate  1  :  f  :  «^  :  |  •  ^  ;  ^«6 

Essay  on  Strength  and  Stress  of  Timber,  8rd.  Ed.  1826. 

Treatise  on  Strength  of  Timber,  &c.,  New  Ed  ,  1845.  • 

The  fraction  i  is  wrongly  deduced^  from  the  reasoning  ;  the  fraction  really  de* 
dacible  is  i  as  in  the  Text,  and  in  Barlow's  later  works  (Treatise  on  Strength  of 
Timber,  Ed.  1867). 

[iV.^. — Cantion  is  therefore  required  in  using  these  four  formnlflB  in  Barlow's  earlier 
works. 

This  mistake  as  to  these  ratios  led  to  tbe  mistake  (alluded  to  in  Art.  609)  in  P. 
Barlow's  attempt  to  show  theoretically  that  the  Working  Strengths  of  a  "  Supported 
Beam",  and  **  Fixed  Beam  "  loaded  at  the  middle  are  as  3  :  2.] 

617.  Use  of  Deflexion- formulas, — The  ratio  I  :  /  haying  been  as- 
signed from  practical  considerations  as  above  (Art.  613),  these  formulae  (v. 
supra)  all  furnish  a  value  of  the  quantity  hd^  corresponding  to  a  Beam  suf- 
ficiently Stiff  to  carry  the  intended  superstructure,  Ct.  c,  without  injury  to 
the  superstructure,  or  to  its  own  joints  or  framing). 

The  equations  of  Transverse  Strength,  Art.  608,  all  furnish  a  yalue  of  the 
quantity  bd^  corresponding  to  a  Beam  sufficiently  Stromo  to  carry  the 
superstructure,  (t.  e.,  without  injnry  to  itself). 

With  these  two  equations  (for  bcP  and  &J^),  both  &,  dj  can  of  course  be 
at  once  determined ;  the  result  being  the  proper  breadth  (&),  and  depth  (d) 
of  a  Beam  both  Strong  and  Stiff. 

IN.B, — The  condition  of  Art  615,  via.,  that  the  Beam  "  be  only  slightly  bent "  mnst 
be  particularly  observed  in  using  the  Strength  (Art.  608)  and  Deflexion  (Art  614) 

*  For  a  fall  diaciiMion  on  fhis  point,  and  on  the  relation!  between  Et,  Be  and  many  different  fonnt 
of  Bj,  M«  Paper  No.  X[JV.,**Profeit8ional  Papers  on  Indian  Bnginaering, "  Seoond  Series,  *'0n 
tbe  Moduli  of  Blastlcity  and  on  Deflexion  "  by  the  preeent  writer. 
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foniin]£B  logethdi^f  becaase  in  order  tha^  formulte  may  be  used  together,  i,  c,  that  thej 
may  form  simultaneous  eqaations,  the  conditions  under  which  both  are  applicable 
must  be  observed. 

In  using  these  forraulfle  together  therefore,  the  Breaking  weight  (P)  and  Modulus  of 
Transverse  Strength  (Pb)  must  be  divided  by  such  "  a  factor  of  safety  "  (*)f  that  the 
resulting  Working  Load  (W)  shall  bend  the  oc^u^i/  Beam  only  very  slightly,  i»e.,  that 
the  ratio  ^ :  /  shall  be  a  very  small  quantity. 

If  this  precaution  be  neglected,  no  confidence  whatever  can  be  placed  in  the  result 
of  combining  the  equations  of  Art.  608  and  614,  as  if  they  were  simaltaneooa 
equations]. 

Keay*s  Method. — A  method  devised  by  Ensign  P.  Keay,  was  given  in  the  previoos 
(1st  and  2nd)  Editions  of  this  Treatise,  and  in  the  College  Manuals  on  Streng^th  of 
Materials  previous  to  1 673,  whereby  it  was  proposed,  after  assigning  the  ratio  b  :  d  for 
Timber  Beams  from  other  practical  considerations  of  convenience  (e.  ^.,  as  1  :  \/2),  to 
find  from  the  Deflexion-formula  such  a  *' factor  of  safety"  («) — in  this  case  a  funo* 

tion  of  the  length  L — that  the  Transverse  Strength  l^ormulse  ^ W  =  — «  =  — .  -—  \ 

should  yield  the  same  residt  as  the  Deflexion  Formulas.  The  utility  of  this  proceed- 
ing is  questionable,  because  the  original  Deflexion-Formula  alone  would  yield  the 
required  result,  and  is  itself  more  simple  than  the  modified  Transverse  Strength 
Formula  proposed  for  use. 

The  modification  is  troublesome,  and  is  therefore  omitted  from  this  Edition. 

It  may  be  here  stated  that  objections  have  been  raised  to  Mr.  Keay's  method  on  theo* 
retical  grounds  in  "  Professional  Papers  on  Indian  Engineering,"  Second  Series,  No- 
VllL,  "  On  Deflexion  of  Timber  and  Factor  of  Safety  "  by  the  late  Mr.  Valentine. 
Mr.  Valentine's  own  paper  is  however  so  full  of  theoretical  mistakes  that  no  conclu. 
sions  can  be  drawn  from  it.  It  may  also  be  stated  that  Mr.  Keay's  method  really  did 
effect  the  object  proposed,  and  that,  if  the  Transverse  Strength  Formula  is  used  as  above 

8eifoi'thVf=:^—.—  (i.e.^  the  strain  confined  within  tJte  lifnits  of  Elasticity)  and  the 

9      x^ 

ratio  ^  :  /  be  chosen  (as  it  always  is)  a  very  small  quantity ^  the  condition  of  Art.  615 
(viz.,  that  the  Beam  be  only  slightly  bent)  is  satisfliMl,  so  that  the  Formula;  of  Trans- 
verse Strength  and  Deflexion  are  under  tlie  A'rt/w^  conditions,  and  therefore  are  simultaK' 
eouSf  and  Mr.  Keay's  method  is  unobjectionable. 
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MANUFACTUBE  OF  OEMENT  IN  DmiA. 


In  connection  with  the  ''  Rales  for  Mannfactnre  of  Cement  in  India," 
printed  on  page  120,  the  following  additional  notes  by  Col.  H.  A.  Brown- 
low,  R.E.,  and  P.  Dejoux,  Esq.,  will  be  found  interesting  and  instractiye. 


Remarks  an  Col  H.  A,  Braumlow^a  Report  hy  P.  Defonx^  Esq. 

The  rates  estimated  by  Col.  firownlow  for  cement  delivered  in  Delhi 
are  very  correct,  bat  it  will  not  do  to  calcalate  on  more  than  4  cubic 
feet  of  cement  in  pretty  good  order  in  a  cask,  as  the  remainder  will  be 
found  spoilt  during  the  shipping,  or  during  transit  from  Calcutta  to 
DelhL 

I  have  myself  received  in  Calcutta  nearly  10,000  casks  of  cement,  and 
from  experience  I  always  found  an  average  of  4  cubic  feet  of  cement  in 
good  order  per  cask. 

Accordingly  the  rate  of  Portland  cement  at  Delhi  should  be  5*66, 
instead  of  5*2. 

I  do  not  quite  agree  with  Col.  Brownlow  as  regards  the  advantage 
in  India  of  using  clay  and  pure  slaked  lime  instead  of  clay  and  chalk. 
Without  considering  the  increase  in  the  cost  on  account  of  the  double  burn- 
ing, I  think  the  burning  is  always  more  difficult  in  one  case  than  in  the 
other,  and  the  tenacity  of  the  cement  is  never  so  good. 

If  a  prejudicial  action  takes  place  on  account  of  the  Ozyde  of  Iron,  I 
would  advise  the  use  of  clay  either  entirely  free  from,  or  containing  a 
small  portion  of  it. 
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Many  cement  stones  in  France  yielding  cements  nearly  as  good  as  Port- 
land cement  contain  little  or  no  Oxyde  of  Iron. 

In  the  case  of  Portland  cement  sent  from  such  a  distance  as  England 
to  Delhi,  the  cement  will  always  lose  a  certain  amount  of  its  strength. 

My  experience  anthorizes  me  to  say  that  it  loses  in  ordinary  circam- 
stances  ^th  of  its  strength^  and  if  left  in  godowns  for  six  monthS|  it  will 
loose  at  least  ^rd  of  its  original  strength. 

It  should  be  borne  in  mind  that  the  cement  casks  are  always  placed  at 
the  bottom  of  the  ships,  and  exposed  to  the  moisture  and  dampness  there- 
in, that  the  unloading  in  Calcutta  is,  and  will  always  be  done  in  a  more  or 
less  careless  manner,  and  that  the  great  heat  of  this  country  affects  the 
quality  of  the  cement  to  a  certain  extent. 

Considering  the  question  of  the  loss  of  strength  in  the  cement  imported 
from  England,  my  opinion  is  that  it  is  possible,  if  great  care  is  taken  in 
the  manufacture,  to  make  in  India  cements,  artificial  or  natural,  which  will 
be  about  the  same  kind,  and  the  same  quality  as  some  of  the  French  ce- 
ments, which,  excepting  the  Boulogne  cement,  possess  from  ^th  to  ^th  of 
less  tenacity  than  the  English  Portland  cement  of  good  quality.  Such 
being  the  case,  the  cement  which  will  be  manufactured  in  India  may  be 
as  good  as  that  received  from  England ;  but  of  course  at  the  same  time 
^th  inferior  (for  the  reason  above  adduced)  to  the  cement  of  fresh  quality 
used  at  home. 

The  rough  calculations  I  have  made  about  the  probable  cost  of  cement 
manufactured  in  India  show  that  it  will  vary  from  Re.  1  to  Rs.  1-4  per 
cubic  foot  in  the  case  of  artificial  cement,  and  from  9  to  14  annas  in  that  of 
natural  cement. 

In  the  Bengal  ghooting  or  kunkur  stones,  I  have  analyzed,  I  found  a 
proportion  of  clay  varying  from  26  to  34  per  100. 

This  result  impressed  me  with  the  idea  of  trying  the  possibility  of 
manufacturing  either  Roman  or  Portland  cement  with  such  stones,  in 
pulverizing  those  which  were  not  too  hard  and  making  bricks,  &c.,  or 
in  extra  burning,  in  their  natural  state,  those  which  are  homogene- 
ous. 

I  may  now  safely  say  that  as  regards  preliminary  experiments,  I  have 
already  succeeded  in  obtaining  slow  and  quick  setting  cements,  although 
I  am  proceeding  with  further  experiments  on  that  score. 
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I  quite  agree  with  Col.  Brownlow  as  regards  his  proposal  to  aim 
first  at  the  utmost  simplicity  of  machinery  and  plant  necessary  for  the 
manufacture. 

I  am  of  opinion  that  the  best  kind  of  fuel  for  bumiog  Portland  cement 
is  coke,  and  will  place  charcoal  in  second  order. 

But  coal  also  may  answer,  as  I  have  seen  it  used  in  France. 

As  I  am,  however,  about  to  try  to  burn  cement  with  coal,  I  will  be  able 
in  a  short  time  to  afford  a  more  decided  opinion  on  the  subject. 

I  do  not  quite  agree  with  Col.  Brownlow  as  regards  his  opinion  of 
using  for  the  mixture  of  materials  the  dry  and  German  system,  instead  of 
the  wet  English. 

It  may  be  said  that  principally  when  using  pure  slaked  lime  and  clay, 
the  German  system  is  superior  to  a  certain  extent,  but  it  b  also  more 
expensive. 

Mr.  Reid  in  his  treatise  about  cement  says,  that  the  two  principal  incon- 
veniences arising  from  the  English  system  are : — 

IsL — That  a  much  larger  area  is  necessary  in  the  English  system  than 
in  the  German  one,  and  consequently  in  a  country  where  the  value  of  the 
land  is  always  high,  it  increases  to  a  great  extent  the  amount  of  the  capi- 
tal invested  in  the  manufacture  of  cement. 

2nd. — That  it  requires  about  two  months  for  the  materials  in  the  vats 
to  dry,  before  being  moulded  into  bricks. 

As  regards  the  1st  point,  there  is  at  present  in  India  hardly  any  diffi- 
culty in  the  acquisition  of  land  under  the  provisions  of  Act  X.  of  1870. 

Referring  to  the  2nd  point,  I  should  say  that  in  a  country  so  hot  as 
India,  the  evaporation  being  much  more  rapid,  it  is  to  be  expected  that 
the  time  necessary  for  drying  will  be  comparatively  much  less. 

I  think  the  proportion  of  materials  used  in  the  manufacture  of  artifici* 
cial  Portland  Cement  will  vary  as  follows  : — 

let. — For  artificial  cement  made  of  a  mixture  of  chalk  and  clay. 
From  3  chalk  and  1  of  clay  (in  measure). 
To      4         „       1       „ 

2nc2.— In  the  case  of  artificial  cement,  made  of  pure  slaked  lime  and  clay. 
From  5  lime  and  2  of  clay  (in  measure). 
To  5  lime  and  3  of  clay. 
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Suggestions  about  manufacture  of  Portland  Cement. 

(1).  Except  the  remarks  I  hare  already  made,  I  qmie  agree  with  Col. 
Brownlow  on  all  other  points.  I  would  however  advise,  as  regards  the 
details  of  manufacture,  to  follow  the  treatise  of  Mr.  Raid  on  cements. 

(2).  Kilns. — As  regards  kilns  for  a  small  factory,  I  would  advise  their 
construction  according  to  the  sketch  of  Mr.  Reid's  hook,  hut  making  them 
^rd  smaller,  and  increasing  the  height  of  the  tapering  dome  by  three  feet. 

(8).  Experiments, — I  would  advise  the  construction  at  once  of  a  small 
kiln,  for  the  trial  of  samples  of  different  kinds  of  lime  and  clay  in  various 
proportions ;  the  balls  for  samples  may  be  made  of  clay  and  chalk,  or  lime 
reduced  in  impalpable  powder,  and  mixed  in  water  in  a  tub :  the  water  is 
on  the  following  day  to  be  removed  by  decantation,  and  the  substance  is 
then  to  be  exposed  to  the  sun  until  the  evaporation  reduces  it  into  a  plastic 
paste,  with  this  balls  may  be  made  about  two  inches  in  diameter,  and  dried 
well ;  these  balls  may  then  be  burnt,  and  when  reduced  to  powder,  a  stiff 
mortar  made  with  the  cement  thus  obtained,  which  can  be  tested  under 
water  by  means  of  the  Aiguille  of  Yicat.  Some  cakes  or  balls  made  with 
this  mortar  may  be  left  exposed  to  the  air. 

(4).  Natural  cement — In  France  the  Engineers  have  been  nsing  for 
several  years  cement  proceeding  from  the  burning,  in  the  same  way  as  for 
Portland  cement,  of  marly  clays  of  different  kinds. 

I  have  already  found  from  the  hills  of  Margohi  and  Rohtas,  near  Dehree 
in  the  Soane  circle,  two  kinds  of  clay,  which  (mixed  together  in  certain 
proportions  and  at  times  with  a  feeble  addition  of  pure  clay)  will  yield 
Portland  and  Roman  Cement. 

Every  sort  of  clay  giving  a  strong  effervescence  with  hydrochloric  acid, 
may  be  considered  as  marly  clay,  and  may  be  found  useful  in  the  manu- 
facture of  cements. 

The  analysis  of  different  sorts  of  clay,  give  the  following  results  : — 


Yellow  marly  clay. 


Percent. 


Wliite  marly  clay. 


Percent. 


Carbonate  of  Lime, 

„         Magnesia, 


•  •        •  ■ 


Oxide  of  Iron, 


p,^^  ( Silica,  I 

^**^  1  Alumina,     {    *' 


Sand, 


Total, 


•  •        •• 


60-66 

14-36 

0-67 

23-33 
1-00 

100-00 


Carbonate  of  Lime,     . . 

„  Mag:nesia    traces, 

but  not  appreciable, 
Oxide  of  Iron,  ditto  ditto.,    •  • 


Clay{S"'<=^ 


Alumina 


Sand, 


,1 


80-00 


Total, 


2000 
0-00 

100-00 
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(5).  Cement  of  Boulogne. — The  best  marly  clay  used  in  France  is  that 
found  in  Boulogne,  with  which  Messrs.  Demarle  and  Co.,  manufacture  a 
cement  in  high  demand  in  France. 

I  haye  been  using  it  in  large  quantities  for  three  years  in  the  manufac* 
ture  of  artificial  stone  (Coignet's  system),  and  found  it  eyen  sensibly  better 
than  the  Portland  cement  of  Messrs.  White  Brothers,  which  is  consi- 
dered as  one  of  the  best  sort  in  England. 

The  Boulogne  marly  clay  contains  from  19  to  25  per  100  of  clay. 

Eyery  sort  of  clay  containing  more  than  ^th  per  100  of  sand  is  to  be 
rejected. 

To  be  certain  of  a  good  homogeneity  the  clay  is  pulyerized  and  mixed 
with  water  in  vats,  the  water  is  then  removed  by  decantation,  and  the 
clay  being  thus  by  evaporation  in  a  sufficiently  stifif  state  to  be  moulded, 
balls  are  made  of  it  and  burnt  in  a  kiln  up  to  a  white  heat. 

The  white  heat  is  necessary  for  the  spreading  of  the  bad  parts,  which 
are  picked,  and  rejected  carefully  after  the  burning. 

The  cement  is  afterwards  ground  in  fine  powder,  and  sifted  through  a 
sieve  of  60  meshes  to  1  inch. 

(6).  Cement  in  the  neighbourhood  of  Paris, — Sometimes  clays  may  be 
found  homogeneous  enough  to  enable  their  being  burnt  without  the 
process  of  either  pulverization  or  washing.  The  clay  found  near  Paris 
contains  about  the  same  proportion  of  Silica  and  Alumina  as  that  of 
Boulogne.  Such  descriptions  of  marly  clay  are  found  (in  beds)  close  to 
the  beds  of  Gypsum  (or  Sulphate  of  Lime) ;  great  care  must  however  be 
observed  in  selecting  them  to  avoid  the  mixture  of  Gypsum  with  them. 
These  may  be  burnt  in  their  natural  state,  and  treated  after  the  same 
manner  as  the  cement  of  Boulogne* 

The  best  factories  are  those  of  Messrs.  Barbier  and  Go.  at  Paris,  Chronne, 
and  Argenteuil,  Messrs.  Slacker  and  Letellier  at  the  Butts  Chanmont, 
the  Moulineaux  and  the  Rainey. 

I  used  these  cements,  particularly  the  first  sort,  for  the  building  of 
several  miles  of  sewer  in  Paris,  and  found  it  not  much  inferior  to  the 
English  Portland. 

(7).  Marly  clay 8,-^1  feel  almost  sure  that  marly  clays  of  about  the 
same  composition  as  those  of  Boulogne  or  Paris  may  be  found  in  the 
proximity  of  many  lime  quarries  now  existing  in  India,  and  I  opine  there- 
fore that  a  careful  search  wiU  enable  the  discovery  of  materials  well  adapt- 
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ed  for  the  mannfactnre  of  cement,  and  prodncing  a  cement  less  exprnisiye 
than  artificial  cements. 

(8).  Bulk  of  each  material  required  for  experiments.'— As  regards  the 
quantity  of  materials  which  will  he  required  for  experiments,  I  think  for  the 
manufacture  of  artificial  cement  three  cuhic  feet  of  lime  stone,  and  two  of 
clay  of  each  sort  may  be  sent,  and  if  stones  or  marly  clay,  supposed  to 
be  natural  cement  stones,  are  found  in  the  Sewalik  Bauge,  a  cubic  foot  of 
each  kind  will  do  for  the  present. 

Note. — Instructions  for  the  u^  of  the  Aiguille  of  Vicat*  for  testing  hy^ 
draulic  lime. — Take  a  small  quantity  of  lime  newly  slaked,  and  free  from 
impurities  of  every  kind ;  make  of  it  a  paste  about  the  stiffness  of  damp 
clay.  Put  this  in  a  tumbler  to  the  thickness  of  one  inch,  then  add  water 
slowly  to  two-thirds  of  the  tumbler. 

The  lime  is  said  to  be  set  when  it  can  support,  without  sensible  depres- 
sion, the  weight  of  the  Aiguille  of  Vicat. 

1st. — Limes  feebly  hydraulic  (containing  18  per  cent,  of  clay).  These 
set  after  1 5  or  20  days  of  immersion,  and  get  harder  gradually  by  slow 
degrees,  priucipally  after  the  6th  and  8th  months*  After  one  year  th^ 
hardness  can  be  compared  to  dry  soap ;  they  are  after  that  period  a  little 
soluble  in  pure  water. 

2nd. — Ordinary  hydraulic  limes  (containing  20  per  cent,  of  clay). 
These  set  after  6  or  8  days  of  immersion,  and  get  harder  gradually  within 
one  year,  but  the  greatest  part  of  the  hardness  is  acquired  after  six 
months,  and  then  the  hardness  of  the  lime  can  be  compared  to  soft  stone ; 
the  water  has  no  more  action  upon  it. 

Limes  eminently  hydraulic  (containing  30  per  cent,  of  clay).  These 
set  after  2  to  4  days  of  immersion ;  after  one  month  they  are  hard  and 
insoluble  in  pure  water ;  and  after  six  months  they  can  be  compared  to 
the  absorbent  calcareous  stones. 

Limes  which  do  not  set  after  30  days  are  not  hydraulic. 


*  The  weight  of  the  Aignllle  of  Yleat  li  10|  onnoei  (aTolidapoli). 
The  eztremitj  of  the  AiguUle  mnit  he  a  w^uare  of  JLth  of  on  indu 
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Note  hy  Col.  H.  A.  Brownlow,  R.E.j  on  Mr.  D^oua^s  Remarks. 

Use  of  pure  slaked  lime  instead  of  chalk. — I  recommended  this  because 
we  have  no  chalk  in  this  part  of  India,  and  I  think  bnming  the  limestone 
will  be  found  cheaper  than  grinding  it  to  an  impalpable  powder.  It  is  only 
a  question  of  economy,  and  the  cheapest  process  should  be  adopted. 

Use  of  clay,  free  from  oxide  of  iron, — The  supposed  prejudicial  action 
of  oxide  of  iron  is,  as  will  be  seen  from  the  remarks  on  this  subject  in  my 
report,  more  than  doubtful,  and  the  action  which  takes  place  in  the  burning 
of  Portland  cement  between  the  oxide  of  iron  in  clay  and  the  chalk,  is 
understood  to  be  most  beneficial.  I  alluded  to  it  in  explanation  of  my 
remark  that  a  cement  of  same  tenacity  as  Portland  could  not  most  proba- 
bly be  produced  in  India,  where  I  proposed  to  use  slaked  lime  instead  of 
chalk.  So  that  I  do  not  think  clay  should  be  rejected,  because  it  contains 
oxide  of  iron,  so  long  as  the  proportion  does  not  exceed  15  per  cent. 

Loss  of  strength  in  imported  Portland  cement. — Mr.  Dejoux's  experience 
seems  to  decide  the  question  in  favor  of  manufacture  in  India. 

Process  of  manufacture, — While  maintaining  my  opinions  with  some 
diffidence  against  those  of  Mr.  Dejoux,  who  has  a  practical  knowledge  of 
his  subject,  I  would  suggest,  as  a  further  objection  to  the  adoption  of  the 
**  wet"  or  English  system  of  mixing  the  raw  ingredients  of  cement,  that 
in  these  provinces  for  about  four  months  in  the  year,  the  mixture  in  the 
settling  reservoirs  would  be  largely  adulterated  by  sand  and 'organic  impuri- 
ties driven  on  to  it  by  the  wind,  and  that  during  the  rainy  season  the 
evaporation  would  be  even  slower  than  in  England.  Although  more  ex- 
pensive there,  can,  I  think,  be  no  doubt  of  the  superiority  of  the  German 
over  the  English  system  of  manufacture. 

Testing  the  burnt  C6m«n<.— Regarding  the  use  of  the  Aiguille  de  Yicat 
for  this  purpose,  I  would  remark,  1st,  that  it  is  only  a  test  of  rapidity ^ 
of  setting,  and  gives  no  idea  of  cohesive  strength  of  the  mortar ;  2nd, 
Although  remarkable  quickness  of  setting  is  not  necessarily  accompanied 
by  inferior  hardness  and  strength,  yet  is  somewhat  curious  that  within 
the  range  of  experiments  quoted  by  General  Gillmore,  in  his  treatise  on 
limes  and  hydraulic  cements,  the  quickest  setting  cements  gave  ultimately 
the  worst,  and  the  slowest  setting,  the  best  results ;  drd,  That  General 
Gillmore  gives  it  as  his  decided  opinion  that  the  needle  test  is  far  less  re- 
liable than  any  simple  device  for  trying  the  cohesive  strength  of  the  mortar 
when  ten  or  twelve  days  old.    The  test  proposed  by  me  in  my  report  is  that 
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nniremllf  adopted  in  EogUnd,  and  Ui;^;  on  the  ocmtiiie&t  u  mD,  ni 
I  therefore  strongly  maintain  it«  flDperioritj  orer  Monsiear  Vicat's  needk 
Ihi  accompanjing  sketcb  shows  an  ezcellflnt  form  of  ttftiog  madUM 


Soalt  8  tucket  =  8  /ett. 
and  a  better  pattern  of  mould  for  making  np  t^e  bricks  to  be  tested  tiisa 


StMmalX.Z. 
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that  shown  in  my  report.  Thej  are  both  taken  from  Mr.  Grant's  admir- 
able paper  on  Portland  cement  (see  Proceedings  of  loBt.  O.E.,  Vol.  XXY., 
Session  1865-66). 
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APPBKDIX.  IX 

Papers  by  P.  Dejoux,  £sq.f  on  Manufactwe  ofLitM^  Mortar  and  Con^ 
Crete  in  Bengal, 

Manufacture  of  qhooting  limb.* — Lime  as  a  rale  oagbt  to  be  sifted 
fine  enough  to  be  free  of  all  unbarnt  or  oyerbomt  particles  wbicb  do  not 

slake  immediately,  bat  which  may  slake  after  a  certain  time,  and  conse- 
qaently  may  injure  the  quality  of  the  mortar. 

As  ghooting  lime,  from  want  of  homogeneity,  can  nerer  be  well  bamt| 
a  fine  sifting  of  the  lime  after  slaking  will  largely  increase  the  cost  of  the 
lime. 

In  grinding  the  lime  and  the  unbumt  portion,  which  ought  to  pass 
through  a  sieve  of  8  meshes  to  one  inch,  some  of  the  parts  not  slaked 
may  act  as  cement,  while  others  will  remain  inert. 

It  may  happen  that  in  the  case  of  the  presence  of  Chaux  limites\  (Argil- 
laceous intermediate  limes),  some  other  parts  slaked  along  time  after,  and 
falling  in  powder  may  disintegrate  some  portions  of  the  mortar. 

It  is,  however,  very  difficult  to  ascertain  the  presence  of  the  chaux  limitea^ 
but  as  far  as  I  can  judge,  I  do  not  think  there  is  much  probability  of 
finding  them  amongst  the  generahty  of  ghooting. 

My  opinion  however,  is,  that  the  best  and  cheapest  way  to  deal 
with  the  manufacture  of  ghooting  limestone  consists  in  the  following 
plan : — 

1^^ — To  bum  the  ghooting  limestone  in  a  kiln,  as  per  Plate  XYIIIa. 
Before  burning,  the  kiln  must  be,  if  necessary,  carefully  plastered,  both 
outside  and  inside,  with  a  mortar  composed  of  four  parts  of  clay  and 
one  of  lime.  First  a  layer  of  6  inches  of  coal  is  to  be  put,  then  9  inches 
of  ghooting,  then  3  inches  of  coal,  and  then  9  inches  of  ghooting,  <&c., 
&c. ;  the  last  layer  must  be  of  ghooting  proceeding  from  the  last  burning, 
and  which  not  being  perfectly  burnt  is  generally  called  '^  refuse  ghooting." 

With  some  limestones  2  inches  of  coal  will  suffice.  I  have  noticed 
that,  owing  to  kilns  being  built  generally  in  a  careless  manner,  the  loss  of 
caloric  must  be  enormous  in  them.  The  firing  of  the  kilns  may  be  begun 
when  three  layers  of  stone  have  been  put  in  it.  A  portion  of  the  open- 
ings may  be  shut,  leaving  sufficient  room  for  ventilation  according  to 

*  Bcnfcolli  for  "  kankor  lime,"  oonUinlng  26  to  ^^  per  cent,  of  cl*y. 

t  An  explanation  of  this  term  will  be  found  in  Vicat  on  Limes  and  Cements.  Chaux  limUes  are 
limes  obtained  from  stones  containing  too  large  a  proportion  of  clay  to  bo  hydraulic  limestones,  and 
too  small  a  proportion  to  be  cement  stones. 
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the  state  of  the  weather.  It  will  be  advisable,  as  a  preventiye  ag^ainst  the 
effect  of  the  stormy  wmds,  when  the  fire  is  likely  to  arrire  to  the  upper- 
most layer,  to  have  screens  of  corrugated  iron  pat  on  the  top  of  the  kihi 
in  the  direction  of  the  prevailing  wind.  Lime  is  frequently  yery  badlj 
burnt,  solely  from  want  of  this  precaution.  When  the  nnloading  of  the 
kiln  is  commenced,  the  iron  bars  are  to  be  taken  out,  and  then  ^rd  of  ihe 
total  height  of  the  stone  ^inside  may  be  discharged,  and  the  kiln  reloaded. 
It  will  be  advisable,  when  the  kiln  is  in  full  blaze,  to  refit  the  bars  every 
eight  days,  and  by  such  means  to  remove  the  ash  from  the  ash  holes,  and 
enliven  the  fire. 

2nd. — As  soon  as  the  lime  is  burnt,  it  is  to  be  taken  out  of  the  kiln  m- 
mediately^  and  the  stone  separated  from  the  ashes.  The  limestone  is  then 
set  against  a  wall  in  layers  of  about  4  inches.  On  each  layer  water  is  to 
be  thrown  by  means  of  garden  watering  pots.  A  heap  of  about  5  or  6  feet 
high  may  be  made,  and  the  ghooting  may  be  left  in  this  state  for  about 
four  days  ;  the  top  of  the  heap  should  be  watered  a  little  on  the  second 
day.  After  the  expiration  of  four  days,  it  must  be  sifted  through  a  sieve 
of  8  meshes  to  one  inch. 

It  will  be  judicious  always  to  put  the  burnt  stone  in  large  and  high 
heaps,  because  by  this  being  done,  the  heat  will  be  concentrated,  and  the 
slaking  facilitated.  As  regards  the  sifting,  I  think  for  large  works  it  will 
be  better  to  use  a  revolving  sifting  machine  as  used  in  France. 

^rd.  The  lime  will  then  be  pulverized  in  a  soorkee  mill  separately,  or 
mixed  with  the  sand  necessary  for  the  mortar. 

Sand  mortar, — I  would  advise  the  use  always  of  sandy  instead  of  soorkee^ 

*  The  advisability  of  this  depends  entirely  upon  nature  of  *^ 
lime.    "  Experiments   show  that  a  mortar  composed  of  one  sand  of  middling 
volume  of  fat  lime,  and  two  volumes  trass  is  injured  if  a  por-  size  is  obtainable, 
tion  of  the  trass  be  replaced  by  sand."    Gillmore,  para.  560.            Soorkee   oui?ht 

to  be  used  only  when  sand  cannot  be  obtained,  and  for  this  reason  : 

If  the  lime  is  very  hydraulic,  the  soorkee  which   is  very  often  made 

*  -fcr  1.      •  J*  •  n      -J      i.  i  from   bricks    im- 

*  May  even  act  prejudicially,  viae  note  on  next  page. 

perfectly  burnt, 
acts  only  as  an  inert  body  /  in  such  a  case  sand,  which  is  harder,  has 
evidently  the  advantage  over  soorkee ;  sand  has  also  the  great  advantage 
that  it  is  generally  much  cheaper. 

•  Kotet  by  Col.  H.  ▲.  Brownlow,  B.B. 
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If  the  lime  is  not  hydraulic  enough,  and  if  no  other  kind  of  puzznolana 

can  he  ohtained, 
♦  The  greatest  care  is  required  in  mixing  soorkee  at  all  with  , 

hydraulic  limo.    It  is  only  the  excess  of  pure  lime  that  combines 

adrantageonsly  with  the  soorkee,  forming  with  it  silicateft  and  With    first      rate 

alaminatea  of  lime.  Bat  the  danger  of  thereby  breaking  the  set  is  burnt  bricks,  and 

manifest,  for  while  the  natural  combinations  of  lime  with  the  re^Juc^d    to    im- 
silica  and  alumina  in  the  hydraulic  limes  immediately  commence        .     , .  , 

to  set,  those  formed  between  the  free  caustic  lime  and  the  soor-  P^ip^'^ie  powaer, 

kee,  will   have  to  effect  a  preliminary  decomposition  of  the  will   increase  the 

silica  and  alumina  combined  in  the   soorkee    and  the  two  hydraulicit  j  of  the 

dissimilar  actions,  one  composing  and  the  other  decomposing,    ..        ai_    .      •j.t 

•        u    1  *•        '^u  J      1      f    lime,*  but  as  it  has 

cannot  go  on  m  such  close  connection  with  any  advantage  to  ' 

the  mortar.    Breaking  the  set  is  notoriously  most  fatal  to  hy-  been  said  before, 

draulic  energy,  so  that  kunknr  lime  should  never  be  left  in  a  the  soorkee  gene- 

mill  to  be  re-gronnd  after  an  interval  of  time.    But  where  pure  ^j    ^^^  j^ 
rich  lime  is  mixed  with  soorkee,  long  and  intimate  mixture  •  i»  u  •  v 

is  advantageous,  because  the  silica  and  alumina   must  free  V^^^^  ^^-^  hnoks 

themselves  from  the  combination  existing  in  the  soorkee  be-  imperfectly  burnt, 

fore  setting  can  commence.    It  is  also  evident  that  the  finer  qj^  account  of  such 

the  soorkee  is  powdered  the  better.  •   •  t_    i    • 

bncks  being  more 

brittle,  and  the  powder  is  always  too  coarse  to  act  efficiently  as  a  puzzuolana. 

Mortar  made  with  soorkee  seems  after  a  short  time  harder  than  sand 
mortar,  but  after  a  long  time  sand  mortar,  if  well  made,  will  be  found  superior. 
One  of  the  greatest  precautions  to  be  taken  with  sand  mortar  is  to  hare 
the  bricks  or  stones  thoroughly  soaked  in  water ;  the  default  of  using  this 
precaution  is  the  great  cause  of  the  apparent  inferiority  of  the  sand  mortar 
as  compared  with  the  soorkee  mortar,  because  the  soorkee  retains  much 
more  moisture  than  the  sand. 

Comparatively  less  water  ought  to  be  used  in  the  manufacture  of  sand 
mortar,  than  that  of  soorkee  mortar,  as  it  (  the  mortar)  must  be  made  to 
the  consistency  of  a  plastic  paste. 

Care  must  be  taken  in  the  sand  mortar,  especially  to  preyent  too  rapid 
drying,  because  hydraulic  lime  being  an  anhydrous  silicate  of  lime,  (with 
an  excess  of  lime,)  which  gets  hard  by  the  hydration  of  the  lime,  it  is  eyi- 
dent,  therefore,  that  a  certain  degree  of  moisture  is  necessary.  But  water 
must,  howeyer,  not  be  thrown  on  the  mortar  before  it  has  commenced  to 
set  sensibly,  for  the  water  might  wash  away  the  lime. 

During  the  time  necessary  for  the  setting,  the  masonry  ought  to  be 
coyered  either  with  wet  mats,  wet  straw,  or  wet  sand. 
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For  mixing  khoa  or  stones  with  mortar,  I  strongly  advise  the  ase  of  a 
''  Betonniere  "  of  the  kind  I  haye  seen  used  in  France,  of  which  I  annex  a 
drawing  (Plate  XVIIK.)  I  gave  last  year  to  the  Executive  Engineer, 
Cossye  Division,  a  sketch  of  snch  a  *'  Betonniere."  Some  were  made  ac- 
cordingly by  him,  and  have  been  nsed  with  great  success  in  his  works. 

The  mode  of  using  snch  an  apparatus  consists  only  in  throwing  the 
materials  inside  by  the  opening  (a),  and  in  taking  care  to  throw  alternately 
two  baskets  of  khoa  and  one  of  mortar,  if  the  proportions  of  the  concrete 
are  2  to  1,  and  thus  the  whole  comes  out  from  the  machine  by  the  open- 
ing (h)  perfectly  mixed. 

With  a  <<  Betonniere"  1,000  cubic  feet  of  concrete  can  be  manufactured 
easily  per  day. 

The  cost  of  one  will  be  about  Rs.  150. 


General  bemabks  on  Ohootinq  Limestones. 

The  nodular  limestone,  called  Ohoottng  or  hinkur  in  India,  generally 
is  by  its  chemical  properties  the  combination  of  a  hydraulic  stone  and  a 
cement  stone,  rather  a  little  too  rich  in  clay,  so  that  when  the  stones  are 
not  too  hard  to  break,  pulverizing  and  mixing  them  with  sufficient  water 
to  form  a  rather  hard  paste,  and  then  making  small  bricks  or  balls  and 
burning  them  sufficiently,  will  enable  the  manufacture  in  some  cases  of 
Portland  or  slow-setting  cement,  and  in  other  cases  a  kind  of  Boman 
cement  or  quick- setting  cement.  When  the  ghooting  is  burnt,  as  is 
gtoerally  done  in  Bengal,  the  part  which  is  slaked  when  taken  out  from 
the  kiln  is  the  part  containing  the  quantity  of  day  necessary  to  make 
good  hydraulic  lime ;  large  portions  of  the  parts  which  are  not  slaked  are 
those  containing  more  clay  and  are  cement  stones ;  but  as  generally  they 
contain  too  large  proportions  of  clay,  it  will  not  do  to  bum  those  portions 
again,  but,  on  the  contrary,  it  will  be  better  to  bum  the  whole  until  they 
cannot  be  slaked. 

The  following  details  will  serve  to  explain  my  reasons  for  adopting  this 
opinion. 

I. — When  I  have  to  conduct  the  analysis  of  a  stone  of  the  same  kind 
as  a  ghooting-stone,  I  select  from  a  cubic  foot  of  stone  a  dozen  pieces  of 
different  shapes,  sizes,  and  appearances ;  I  pulverize  them  roughly,  and 
mix  as  much  as  possible  the  powder  so  obtained. 


I  take  afterwards  a  Bmall  qnantitj  of  it,  and  redace  it  by  means  of  n 
agate  mortar  into  an  impalpable  powder,  of  which,  when  dried,  I  tab  • 
qaantity  weighing  150  grains,  and  it  is  on  this  last  quantity  that  tk 
analysis  is  conducted. 

XL — Proceeding  in  this  way,  I  fonnd  that  in  the  Beng^al  ghooting-ftoM 
the  proportion  of  clay  yarions  from  10'50  to  33-33  per  cent.,  the  areiage, 
however,  being  25  per  cent. 

Now,  if  we  look  to  the  analysis  of  the  lime  believed  to  be  the  moit 
hydraulic  of  all  the  limes  known,  viz.,  the  lime  of  Theil,  (France,)  wi 
find  that  the  limestone  from  which  that  lime  is  obtained  ccmtains  ctij 
14*90  per  cent,  of  clay,  and  we  may  fnrther  say  that  few  hjdraolic  lime- 
stones at  home  contain  more  than  15  per  cent.,  and  none  more  than  20 
per  cent,  of  clay. 

III. — The  analysis  of  the  ghooting  stones  gi^ng  an  average  propor- 
tion of  25  per  cent.,  they  conld  naturally  be  taken  for  cement  stones,  but 
experience  proves  them  to  be  only  argillaceous  limestones. 

Therefore  we  can  only  say  that,  if  the  ghooting- stones  were  more  hooio- 
geneous,  they  could  have  been  classified  in  the  category  of  natural  ceneai 
stones. 

To  prove  this  opinion,  I  may  tay  that,  if  we  separate  some  nodnlM 

'  from  a  piece  of  ghooting  taken  in  its  natural  state,  it  will  be  foond  thai 

I  they  generally  differ  in  texture  and  appearance,  and  that  analysis  showf 

that  while  some  contain  as  much  as  50  and  55  per  cent,  of  clay,  othov 
are  very  nearly  pure  carbonate  of  lime. 

From  the  experiments  I  have  made,  I  feel  authorized  to  say  that  m 
regards  the  generality  of  ghooting-stones,  those  which  contain  from  20 
to  25  per  cent,  of  clay  are  very  hydraulic  limestones,  while  those  con- 
taining only  from  10  to  14  per  cent,  are  feebly  hydraulic. 

As  regards  those  in  which  the  proportions  of  clay  exceed  25  per  cent, 
I  they  produce  only  a  small  quantity  of  lime,  and  the  percentage  of  portions 

which  cannot  be  slaked  increases  proportionately  with  the  qaantity  of  clay. 

I  have  been  able  to  verify  the  truth  of  these  last  remarks  in  many 
places  in  Lower  Bengal,  where  large  quantities  of  ghooting   lime  are 
>  manufactured. 

I  may,  however,  state  that  some  ghooting-stones  or  kunknr  may  be 
found  sufficiently  homogeneous  to  follow  the  ordinary  rules  of  hydraulic 
'  limestones,  but  such  may  very  seldom  be  the  case. 
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lY. — When  ench  a  stone  as  ghooting  has  been  well  bnmt,  all  the  pro- 
portiooB  containing  less  than  20  per  cent,  of  clay  slake  when  immersed 
in  water,  bat  the  portions  containing  an  excess  of  clay,  called  generally 
''refase  ghooting"  in  Bengal,  remain  inert. 

y. — Kow,  supposing  that,  after  haying  bnmt  ghooting-stone  containing 
an  average  of  20  per  cent,  clay,  the  half  only  of  the  total  quantity  (which 
we  will  suppose  to  be  100  cubic  feet)  slakes  and  yields  an  ordinary  hy- 
draulic lime ;  it  must  be  taken  as  a  datum  that  this  lime  proceeded  from  a 
limestone  containing  about  10  per  cent,  of  clay. 

Consequently  the  50  cubic  feet  of  refuse  ghooting,  which  did  not  slake, 
must  be  considered  as  an  argillaceous  limestone,  containing  about  30  per 
cent,  of  clay ;  bearing  in  mind  that  the  proportion  of  clay  in  the  total 
quantity  of  100  cubic  feet  of  ghooting  was  20  per  cent. 

Therefore  I  draw  the  conclusion  that  this  ghooting  must  be  considered 
as  the  agglomeration  of  two  different  stones,  t.  e.,  while  one  yields  10  per 
cent,  of  clay,  and  produces  an  ordinary  hydraulic  lime,  the  other  contains 
80  per  cent.,  and  may  be  transformable  into  cement. 

YL— Again,  supposing  that  the  100  cubic  feet  of  ghooting  contains 
80  per  cent,  of  clay,  and  that  we  obtain  (after  slaking)  a  lime  very  hydraul- 
ic, and  50  cubic  feet  of  refuse  ghooting,  this  lime,  according  to  its  d^ree 
of  hydraulicity,  must  be  considered  as  proceeding  from  a  limestone  yield- 
ing about  15  per  cent,  of  clay. 

It  follows  that  the  refuse  ghooting  must  be  considered  as  an  argilla- 
ceous stone,  yielding  about  45  per  cent,  of  clay,  and  consequently  quite 
useless  for  the  manufacture  of  either  lime  or  cement. 

YII. — Under  such  circumstances,  therefore,  we  have  to  consider  the 
two  following  alternatives,  if  it  be  intended  to  use  ghooting  for  making 
cements. 

In  the  first  case,  if  the  proportion  of  clay  in  the  refuse  ghooting  be  the 
proportion  generally  found  in  cement  stones,  we  have  only  to  begin  by 
burning  the  ghooting  in  the  usual  way,  then  to  let  it  slake,  separate  from 
the  refuse  ghooting  the  lime  obtained,  and  to  re-bum  the  refuse  more  or 
less  according  to  requirement  for  either  slow  or  quick-setting  cement. 

In  the  second  case,  which  is  the  most  general,  and  where  the  propor- 
tion of  clay  exceeds  the  limit  of  the  quantity  usually  found  in  cement 
stones,  we  may  follow  the  theories  of  Messrs.  Minard  and  Lacordaire 
(Ingenieurs  des  Fonts  et  Chauss^es),  who  are  of  opinion  that  some  argil- 
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laceoos  limestones,  of  which  portions  contain  clmj  in  excess,  n 
a  long  process  of  caldnation  with  a  moderate  fire  be  transforme 
cement. 

YIIL— The  soundness  of  this  fact  was  neyertheleaB  tested  bj  t 
periment  I  made  on  the  specimen  of  ghooting-etone  A7  from  Dii 
as  described  in  Statement  B. 

This  ghooting  yielded  a  quick-setting  cement  when  calcined  i 
moderate  fire  until  it  wodd  not  slake. 

We  could  in  such  a  case  as  the  last  use  a  flame-kiln  for  caltnnati] 
ghooting  to  the  required  degree. 

IX. — I  must,  howeyer,  reiterate  thai  it  will  be  more  certain  an( 
easy,  principallj  on  account  of  the  burning,  to  choose^  for  the  manui 
of  cement,  ghooting-stones  which,  containing  the  proper  proport 
clay,  can  be  easily  pulverized,  and  that  in  such  a  case  ihej  n 
treated  similarly  as  non-homogeneous  marly  clay. 

In  treating  about  ghooting  limestone,  I  may  as  well  state  thi 
grest  defect  in  hydraulic  lime  extracted  from  it  and  used  through 
Bengal,  lies  from  its  not  being  sifted  fine  enough.  Failnres  in  bnil 
are,  I  belieye,  ascribable  in  a  great  measure  to  the  mortar  prepaie( 
this  defectiye  lime ;  for  straining  ghooting  lime  properlj,  however, 
I  of  opinion  that  no  sieyes  less  fine  than  one  of  20  meshee  to  an  inch  i 

4  be  used. 

In  order,  therefore,  to  give  my  conjecture  a  trial  and  mr  oi 
stability  as  to  the  defect  aboye  noticed,  I  made  a  roog^h  analrais  < 
ghooting  lime  used  in  the  Drainage  Department  of  the  Calcutta  M< 
pality ,  and  found,  as  anticipated,  the  following  result : — 
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Lime, 

•••                 *••                a*. 

47-0 

CUy, 

•a*                .••                ..a 

6-0 

Sand, 

a«.                ...                ••. 

17-5 

Ashes, 

•a*                 ...                 aaa 

4*0 

Carbonate 

of  line,  half  burnt, 

25-5 

lOOH) 

Maroohi  Cshent. 

The  Margohi  quarries  are  only  10  miles  distant  from  the  head  wod 
Dehree,  and  about  5  from  the  tramway  at  Dhodand,  which  communi< 
with  the  head  works. 
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The  qnarries  are  at  the  foot  of  the  hillS|  and  can  be  worked  tery 
easily. 

It  is  evident  at  present  that  the  Soane  Circle  contains  snch  of  the  best 
materials  as  will  enable  the  mannfactnre  of  good  cement.  Of  the  speci- 
mens received,  two  have  been  fonnd  very  suitable  for  the  purpose.  These 
are  called  in  French  Mames  ArgUea»e$  (marly  day) ;  one  of  theee,  BO, 
is  very  nearly  like  the  MarM  of  Boulogne  Sur  Mer^  which  produces  a 
cement  which  is  considered  by  many  Engineers  better  than  the  English 
Portland  cement ;  the  other  marked  B7,  sent  to  me  as  white  clay,  is  also 
a  Mame,  and  by  its  combination  with  B6  will  enable  the  manufacture  of  a 
cement  of  the  kind  which  is  commonly  called  Roman  cement. 

The  clays  B6  and  B7  are  very  friable,  and  consequently  very  easily 
pulyerized ;  on  this  account  it  is  certain  (by  reducing  them  to  that  state 
and  eventually  forming  bricks  with  them)  to  secure  a  good  homogeneity. 

In  Statement  B.  are  given  the  results  of  the  experiments  on  cement,  a 
rough  analysis  of  these  two  descriptions  of  marly  clay. 

The  samples  Al ,  A2,  and  Ad  may  be  also  considered  as  cement  stones, 
but  ihe  layers  of  these  stones  are  of  different  qaalities ;  some  are  cement 
stones,  and  others  similar  to  those  called  by  Yicat  Chaux  LimiteSf  which 
are  always  dangerous  to  use. 

Should  these  stones  be,  however,  burnt  to  a  high  temperature  and  at- 
tempts made  to  slake  them  with  boiling  water,  the  result  will  be  that 
while  the  portion  containing  the  Chaux  Lmites  gets  slaked,  the  other 
remains  unaffected.  I  opine,  therefore,  that  they  must  be  rejected  on 
accoant  of  their  want  of  homogeneity,  and  principally  on  account  of  the 
presence  of  the  Chaux  Limites ;  nevertheless,  I  intend  making  farther  ex- 
periments  with  them. 

The  clay  from  Dehree,  B9,  contains  8  per  cent,  of  sand,  but  after 
washing  it  may  be  used  with  marly  clay,  and  besides  it  may  answer,  if 
necessary,  to  increase  for  slow-setting  cements  the  proportion  of  clay. 

On  the  surface  of  the  ground  about  the  Margohi  quarries  there  is  to 
be  found  a  sandy  clay  to  a  depth  of  12  to  15  feet,  after  which  a  kind  of 
shelly,  useless,  clay. 

This  shelly  clay  is  found  in  great  abundance  with  the  yellow  clay  B77, 
the  latter  containing  88  per  cent,  of  clay  or  sand,  and  12  per  cent,  of 
carbonate  of  lime,  and  under  it  the  yellow  marly  clay  B6,  which  is  also 
plentiful,  but  which  can  very  easDy  be  distinguished  from  the  shelly  clay. 
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The  fourth  strata  consisted  of  blue  stones  Al  and  A2y  mixed  wiUi  the 
white  marly  clay  B7;  and  the  fifth  of  white  stone  A3. 

The  clay  £7  is  not  to  be  found  in  yery  large  qoantities,  but  for  the 
manufacture  of  cement  we  could  use  equally  well  the  white  stone  AS, 
which  possesses  very  nearly  the  same  chemical  composition,  and  may  be 
pulverized  almost  as  easily  as  the  white  clay. 

The  rates  are  as  follow : — 


Extractmg  raw  materials,   . . 

Breaking  ditto, 

Carriage  from  Margohi  to  Dehree, 

Coolie  labor,  per  coolie, 

Fire- wood  per  100  maunds. 

Coal  per  maand. 


1  ropee  per  100  cable  feet. 

4  amias  ditto  ditto. 

5  rupees  ditto  ditto. 
from  2  annas  to  2  annas  6  pie. 
12  mpees  8  annas. 

9  annas. 


Bucknour  Qua/Ties, — These  quarries  are  5  miles  distant  from  Rohtas, 
24  from  Dehree,  and  1  from  the  River  Soane.  They  are  also  at  the  foot 
of  the  hills,  and  the  extraction  is  very  easy.  [  found  here  a  larger  variety 
of  stones  and  clays  than  at  Margohi. 

The  more  hydraulic  stones  are  those  which  are  found  on  the  snrface  of 
the  earth,  In  excavating  from  6  inches  to  1  foot,  you  arrive  at  some 
beds  of  nearly  pure  fat  lime,  but  in  going  in  deeper,  many  varieties  of 
marly  clay  are  found,  similar  to  those  got  at  Margohi. 

I  was  enabled  within  a  very  small  space  of  ground  to  collect  as  many 
as  eight  different  kinds  of  stones,  and  four  of  marly  clay,  varying  from  the 
fat  lime  to  stone  or  clay  containing  even  too  much  clay  for  being  cement 
stones,  which,  however,  could  be  used  as  puzzuolana. 

Analysis  subsequently  proved  to  me  that  the  specimen  marked  A-18 
will  produce  a  slow-setting  cement,  and  its  homogeneity  will  afford  the 
advantage  of  burning  it  in  its  natural  state. 

These  quarries  have  heretofore  been  worked  only  by  natives  who  manu- 
factured fat  lime  and  sent  it  to  Patna.  Some  years  ago  they  manufac- 
tured as  much  as  1,25,000  maunds  in  one  year  for  the  railway ;  but  now 
the  annual  manufacture  varies  from  20  to  25,000  maunds  only. 

When  the  Soano  Canal  is  opened,  there  will  be  every  facility  for  the 
transport^^of  cement  manufactured  at  these  quarries,  owing  to  their  vici- 
nity to  the  river. 

The  rates  at  Bucknour  are  as  follow : — 

Extracting  raw  materials, 1  mpee  per  100  cabic  feet. 

Breaking        ditto  •  •         •  •         •  •     4  annas  ditto        ditto. 
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Carriage  from  Bncknour  to  Dehree,        . .  7  to  8  mpees  per  100  mannds. 

Ditto  ditto  Fatna,         • .  18  mpees  ditto        ditto. 

Coolie  labor,  per  coolie,     • .         • .         . .  from  1  anna  6  pie  to  2  annas. 

Fire-wood  (rather  scarce)  per  100  mannds,  7  mpees. 

Coal  per  maund,     . .  8  annas  G  pie. 

I  think  a  patient  and  deliberate  exploration  of  the  range  of  hills  from 

Margolii  to  Rohtas,  will  lead  to  the  discoyery  of  several  varieties  of  use- 
ful stones.     1  intend  to  carry  out  a  careful  research  personally,  if  the  Goy- 

ernment  sanctions  the  construction  of  a  small  cement  factory  at  Dehree. 

Dehree  Division. — My  inspection  of  the  quarries  of  Margohi  and  Buck- 
nour,  and  the  series  of  experiments  I  have  already  made  on  the  spe- 
cimens from  those  quarries,  confirm  me  in  the  opinion  that  this  is,  for  the 
present,  the  hest  place  for  manufacturing  both  slow  and  quick-setting 
cements. 

Cement  Experiments. — On  the  19th  of  June,  upon  receipt  from  the 
Dehree  Division  of  160  cubic  feet  of  the  following  materials,  viz.,  yellow 
marly  clay  B6,  white  marly  clay  B7,  white  stone  A3,  and  yellow  clay 
B77, 1  commenced  immediately  the  manufacture  of  cements,  but  instead 
of  hiring  monthly  or  buying  a  soorkee  mill,  and  an  engine  for  pulverizing 
the  materials,  I  found  it  more  convenient,  and  comparatively  less  expen- 
sive to  hire  one  of  Messrs.  Bum  and  Company's  soorkee  mills  at  Bow 
Bazaar,  at  Rs.  18*  per  day  whenever  I  require  it.  The  materials  were 
sent,  and  they  were  very  easily  reduced  in  soorkee  mills  into  fine  powder, 
and  afterwards  I  had  the  following  mixtures  of  raw  materials  made : — 

^*'  ••    1 1  Dart   of  B7    I    ^^  ""^hich  the  average  of  clay  was  22  per  cent. 

^^  ••    jlp^of  B7    }    Average  of  day  28  per  cent 

'  3  parts  of  B6     ) 
8rd  . .    {I  part  of  B7     >   Average  of  day  82|  per  cent. 

I  i  part   of  B77  j 

These  I  put  into  vats  of  the  reservoir,  which  I  filled  with  water,  and 
agitated  the  whole  until  the  appearance  of  a  perfect  homogeneity.  The 
water  was  afterwards  allowed  to  fiow  off  gently,  and  the  deposit  is  now 
drying,  and  1  hope,  weather  permitting,  to  see  it  arrive  in  a  few  days  to 
a  consistence  sufficient  to  enable  me  to  form  cakes,  &c. 

From  all  the  experiments  on  a  small  scale  I  have  hitherto  made  on  the 
ghooting  stones  or  kunkur,  I  feel  convinced  that  it  will  be  possible  to 
make  good  cement  with  some  of  them. 

*  Indnding  ooet  of  ooa!,  tindal,  fto. 
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Mabqohi  Obmutt. 

Tho  oomposition  which  seems  to  me  at  present  the  best  and  the  most 

easy  to  born  for  the  making  of  a  slow-setting  cement  is— 

2  parts  of  B6. 
1  part  of  B7. 
I  part  of  B77. 
It  oan  be  burnt  near  vitrification,  and  sets  in  ten  hoars. 

For  another  quick-setting  cement,  I  consider  the  following^  oompositiaii 

the  best:— 

8  parts  of  B6. 
1  part  of  B7. 

The  cement  produced  from  this  sets  in  85  minutes,  and  is  rery  easy  to 
use,  as  it  does  not  set  too  quickly.  It  requires  a  slow  heat,  and  conse- 
quently,  not  much  fuel ;  it  must  be  burnt  only  near  to  complete  caldna- 
tion,  and  consequently  ought  always  to  retain  a  small  quantity  of  carbonic 
acid.  When  too  much  burnt,  if  immediately  used,  it  produces  a  yerj  bad 
result  as  shown  in  sample  17  A.  of  statement  0. ;  but  if  instead  of  nsiug  it 
immediately  it  is  left  exposed  for  about  one  month  to  the  air,  some  car- 
bonic acid  returns,  and  it  turns  out  as  good  as  if  not  too  mnch  burnt; 
it  takes  only  a  little  more  time  in  setting.  This  result  is  shown  by 
sample  17B. 

On  account  of  this  peculiarity  it  will  only  be  necessary,  after  having 
taken  out  of  the  kiln  the  cement,  which  may  often  contain  some  portions 
too  much  burnt  (which  are  very  easily  detected  with  a  little  practice),  to 
grind  and  to  leave  them  exposed  in  open  sheds  for  a  certain  time  before 
using  them. 

The  same  peculiarity  exists  also  in  all  the  cements  obtained  from  the 
different  mixtures  of  the  marly  clays  B6  and  B7. 

Another  example  of  it  is  shown  in  statement  C.  by  the  experiments  of 
2ivA.  and  2ivB. 

As  regards  the  quality  of  cement  No,  17,  I  tried  the  tractile  strength 
of  a  certain  quantity  bum  for  100  hours  comparatively  with  the  strength 
of  English  Portland  cement ;  the  proces  verbal  on  page  xxii.  shows  the 
result  of  the  experiments. 

I  made  also  balls  of  mortars  composed  of — 

jj    .  (2  parts  of  sand, 

^^^  ••  U  part  of  cement  Na  17| 

and 
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^.  A  (2  parts  of  Band| 

"**"*  ••  11  part  of  Portland  cement 

No.  1  pat  under  water,  two  boars  after  being  made,  was  not  affected 
by  the  water,  and  since  its  hardness  has  been  increasing  very  sensibly. 

No.  2  pat  under  water  similarly  fell  into  pieces. 

As  far  as  I  can  judge  at  present,  the  probable  cost  (including  burning 
by  coal)  of  manufacturing  a  cement  equal  to  No.  17  at  Dehree  would  be 
as  follows : — 


••       •.       .. 


Extracting  materialB, 
Breaking        ditto,  ••        ...        •• 

Carriage  of  ditto  from  liaigohi  to  Dehree, 
Grinding  raw  materials,       . .         . .         . . 

Mixing  and  washing  materials,  as  also  mak- 
ing cakes  or  balls, 
Loading  and  unloading  kiln, 
Grinding  bamt  cement,       . .         • .         .  • 
Wear  and  tear  of  bags  per  trip  at  6  pie 
perbag, • 


maonds  of  coal  at  9  annas  per  mamid. 


••        ••        .. 

•  •        •  • 


Contingencies,  aboat  20  per  cent. 

Total, 


•  •        •  • 


•  • 


Ba  A. 

P. 

1    0 

0 

per  100 

eft 

0    4 

0 

M 

n 

5    0 

0 

n 

n 

10    0 

0 

n 

n 

8    0 

0 

2    8 

0 

15    0 

0 

8    2 

0 

89  14 

0 

11    4 

0 

51    2 

0 

10    0 

0 

61    2 

0 

.  . 


B&  A. 

P. 

89  14 

0 

4    2 

0 

10    0 

0 

I  think  that  in  using  a  flame-kiln  of  the  kind  described  by  Yicat  for 

the  burning  of  artifical  hydraulic  lime,  we  could  bum  the  cement  with 

fire-wood. 

In  such  a  case  the  cost  will  be  as  follows : — 
Extracting  carriage,  grinding,  &a,  as  above  shown, 
2Z  mannds  of  fire-wood,  at  Bs.  12-8  per  100  mannds,* 
Contingencies, say,    «.        ••        ••        ..        •• 

54    0    0 

As  I  have,  in  calculating  the  probable  cost,  used  the  higher  rates  which 
may  hereafter  be  considerably  reduced  when  the  works  will  have  assumed 
a  certain  importance,  I  may  say  that  in  case  of  coal  being  burnt,  the  cost 
of  the  cement  will  not  exceed  Rs.  61-2  per  100  cubic  feet,  or  9  annas  10 
pie  per  cubic  foot,  or  in  round  numbers  10  annas ;  but  if  fire-wood  be  used, 
the  cost  will  not  exceed  Bs.  54  per  100  cubic  feet,  or  8  annas  6  pie  per 
oubiq  foot. 


Experimenti  on  the  comparative  traclili  strength  of  Cement  Ko.  17  a> 
English  Portland  Cement  (jutt  imported  and  in  very  good  cottdilionj. 

Cement  Ho.  17. 

Three  backs  vrere  joineil  tof^tber  by  means  of  a  mortar  nude  irilli  thk 
cement,  pare,  and  were  left  exposed  to  the  air  for  24  hoars. 

These  nere  then  put  nndeT  vater  for  10  days,  and  on  being  taken  out 
were  left  exposed  for  two  days  and  17  hours,  aod  then  tried,  making  i 
total  of  13  days  ODd  17  hoars  after  the  manafactare. 


Fig.  I. 


F^.  2. 


I  pnt  the  block  held  by  the  clompa  as  shown  in  Fig.  1 ,  and  loaded 
it  with  1,065  Ibfi.  ^e  block  stood  withoat  any  apparent  uijnrr  for  abont 
three  minutes,  and  then  the  brick  0,  give  woy  partially  as  shown  in  the 

accompanying  figores. 

Fig.  S. 


C.  Station.  c.  PloK. 

I  mode  B  new  hole  (m)  in  the  centre  brick  and  tried  it  again. 
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When  loaded  with  1,316  lbs.,  the  joint  (o)  gave  way,  the  first  brick  A.  re- 
maining intact,  and  the  brick  B.  haying  a  portion  K,  broken  (  vide  figures) ; 
Fig,  4.  Fig.  5. 


A.  Plan,  B.  Plan.  B,  Seotum, 

the  nnshaded  parts  show  the  cement  which  remained  attached  to  bricks  A. 

and  B ;  the  shaiied  portion  shows  the  cement  joints  separated  in  pieces 

npon  the  two  bricks. 

The  cement  inside  the  joints  was  fonnd  yery  hard;  the  bricks  were 
first-rate  burnt  bricks,  but  the  bricks  A.  and  B.  (principally  A.)  were 
found  sensibly  better  and  harder  than  C. 

In  putting  the  cement  mortar  between  the  two  bricks  A.  and  B.,  the 

precaution  of  putting  an  hollow  part  against  a  flat  one  not  haymg  been 
taken,  two  hollow  parts  being  put  together,  air  got  within  and  left  the 
hollow  portion  marked  in  dotted  line  in  Fig.  5 ;  the  surface  of  that  por- 
tion in  which  the  mortar  did  not  touch  the  brick  was  8  square  inches. 

The  total  area  of  the  brick  was  4^  x  9^  square  inches  =s  42  j  square 
inches;  deducting  from  this  the  8  square  inches  aboye-mentioned,  ba- 
lance of  d4|  square  inches  for  the  total  surface  was  left,  which  may  fairly 
be  calculated  to  oppose  resistance  to  the  tractile  strength,  and  it  may 
consequently  be  said  that  weight  of  87*87  per  square  inch  was  necessary 
for  the  breaking  of  the  joint. 

Portland  Cement.  —The  same  process  as  the  last  answered  for  this 
experiment. 

I  put  the  block  held  by  the  clamps  as  shown  by  Fig.  1,  and  loaded  it 
with  1,148  lbs.;  the  brick  C.  broke,  but  at  the  same  time  a  crack  ap- 
peared in  the  joint  by  and  I  could  separate  the  bricks  B.  and  C.  easily. 

The  state  of  the  breakage  of  the  brick  is  shown  in  Fig.  6. 

Fig.  6. 

U 


C.  Section,  C.  Plan. 

I  made  a  new  hole  (m)  (Fig.  2)  on  the  brick  B.  and  tried  it  again. 
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«     » 


f 


When  loaded  with  1,036  lbs.,  the  brick  A.  broke  in  the  same  waj  as  t 
first  one,  but  the  joint  remained  intact. 

Ftg,  7  and  8  show  how  the  mortar  remained  attached  to  the  brid 

Fig.  7.  Tig.  8. 


A,  Plan.  B,  Man, 

A  small  piece  of  the  brick  {f)  broke  and  remained  fixed  on  the  other  brie 
In  joining  these  two  bricks,  some  air  got  in  also,  and  left  in  the  mort 
a  hollow  portion,  the  surface  of  which  was  1|  square  inches ;  this  beii 
subtracted  from  the  total  surface  of  42|  square  inches,  the  balance  was  \ 
square  inches.  It  may,  therefore,  be  said  that  a  weight  of  28  lbs.  p 
square  inch  was  necessary  for  the  breaking  of  the  joint. 

KoTE. — I  stopped  the  experiments  having  the  intention  of  trying  tl 
remaining  joints  intact  when  they  become  two  months  old. 


'< 


1      I 
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Note  hy  Libut.-Col.  F.  T.  Hiio,  R.E.,  Offg.  Chief  Engineer^  Bengal 
Irrigation  Branch, 

Mr.  Dejoax'8  experiments  np  to  the  present  time  seem  to  haye  pretty 
well  established  two  points. 

(1).  That  a  cement  qnite  equal  to  Portland  cement,  as  received  in 
this  country,  can  be  made  from  a  combination  of  a  marly  clay  and  a  lime- 
stone found  close  together  at  the  base  of  the  hills  skirting  the  Soane, 
from  the  Dehree  Stone  Quarries  at  Dhodand  to  Bohtas,  a  distance  of 
20  miles. 

(2).  That  an  equally  good  cement  may  be  manufactured  from  the 
Sylhet  lime  and  Calcutta  blue  clay. 

With  regard  to  the  first  cement,  Mr.  Dejoux  states  that  any  quantity 
of  the  materials  is  available.  The  strata  lie  generally  near  the  foot  of 
the  hills,  which  have  a  rather  steep  slope ;  but  there  will  be  no  need  to 
cut  deeply  into  the  face  of  the  hill  at  any  point,  which  would  be  expen- 
sive, as  by  going  a  little  further  along  the  hill  more  of  the  material  can 
be  obtained. 

Calculating  on  the  data  as  to  cost  of  extraction,  carriage,  &c.,  afforded 
by  the  works  at  Dehree,  for  which  lime  is  now  brought  from  Margohi 
(a  point  in  the  hills  leferred  to,  about  5  miles  from  the  stone  quarries), 
Mr.  Dejoux  thinks  that  the  cost  of  the  cement  at  Dehree  would  be  about 
Es.  61  per  100  cubic  feet,  if  coal  were  used;  or  Rs.  54,  if  wood. 

The  cost  of  carriage  to  Arrah  by  canal  would  be  Rs.  8  per  100  cubio 
feet. 

From  Arrah  to  Calcutta  by  rail  the  cost  would  be  Rs.  40  per  100, 
and  from  Arrah  to  Cawnpore  by  rail  Rs.  40. 

Thus  the  cost  of  the  cement  in  Calcutta  would  be  for«- 

Carriagi 


Dehree  to  Arrah,  • .         •  •         .  •         •  •         .  •  8 

Arrah  to  Calcatta,        40 

Terminal  charges,  shifts,  &C., ••        10 

58 
Cost  of  ement  at  Dehree,        ••        ••        60 

Total  cost  at  Calcotta,        118  per  100  c.  feet. 

The  cost  at  Cawnpore  would  be — 
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CaTriage-^ 

Dehree  to  Arrah,  ..         ••        ,«         .*        ..  8 

Arrah  to  Cawnpore,     ••        ..        ••        .,        ..        40 
Terminal  cbargei,  &c., . .         . .         .  •         . .         , .         10 

Prime  cost,        •  •        60 

Total  cost  at  Cawnpore,..        ..        ..      118  per  100  c  feet 

If  the  cement  were  sent  by  water  all  the  way  to  Calcutta,  the  cost  there 
would  be  about  Hs.  100. 

The  cost  of  Portland  cement  in  Calcutta  is  Rs.  9  per  cask,  containing  5 
cubic  feet,  but  there  is  always  a  wastage  of  half  a  cubic  foot,  so  tliat  the 
actual  cost  is  Rs.  2  per  cubic  foot,  or  Rs.  200  per  100  cubic  feet. 

Adding  railway  charges,  the  cost  of  the  same  cement  in  Cawnpore 
would  be  Rs.  290  at  least. 

Thus  the  relative  costs  at  each  place  would  be — 

Calcutta —  Hg. 

PordaDd  Cement,         . . 200 

Margohi      „  100  to  118 

Cawnpore — 

Portland  Cement,         . .        • .        • .        •  •        • .      290 
Margohi      „  ..         ..         ..         ..         ..       118 

These  calculations  seem  sufficient  to  show  that,  if  the  cement  can  be 
made  for  anything  like  Rs.  60  per  100  cubic  feet  there  would  be  a  rery 
extensive  demand  for  it. 

Mr.  Dejonx's  experiments  with  the  cement  manufactured  from  Sylhet 
lime  have  not  yet  gone  far  enough  to  enable  him  to  judge  what  its  cost 
would  probably  be,  but  ho  thinks  it  would  be  about  Rs.  100  per  100  c.  ft. 

Mr.  Dejoux  also  reports  that  some  specimens  of  knnkur  lime  sent  him 
by  Captain  Hoywood,  which  came  from  a  bed  somewhere  in  the  Sliahabad 
District,  not  far  from  the  line  of  the  Arrah  Canal,  appear  to  form  a 
natural  cement.  I  am  inclined,  however,  rather  to  distrust  any  natural 
cement  produced  from  this  source  on  account  of  the  want  of  homogeneity 
in  the  material,  and  think  that  for  the  present  operations  had  better  be 
confined  to  the  Margohi  stone. 

I  tliink  there  is  now  quite  enough  to  warrant  the  commencement  of 
the  manufacture  of  cement  at  Dehrec,  or  in  that  neighbourhood,  on  a 
small  scale.  The  Soane  works  alone  will  require  a  certain  quantity  :  and 
if  the  manufacture  is  limited,  in  th^  first  instance,  to  their  requirements, 
we  shall  probably,  in  the  course  of  a  year  or  two,  by  gradual  improve- 
ments in  the  processes,  arrive  at  a  really  iirst>rate  cement. 
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Tabular  Statement  A, 

Rough  Analysts  of  the  Specimens  which  have  been  burnt  for  the  purpose 

of  making  Cement. 


Materials  from  whence 
obtained. 


Gompodtlon. 


BG 


Marljr    clay  from  , 
Margohi,    » 


Carbonate  of  Lime 

„        of  Magnesia... 
Oxide  of  Iron 


Clay 


Silica 


B7 


Al 


A8 


A2 


Marljr    clay  from 
Margohi, ' 


y  {  Alamina 
Saod 


•  ■• 


Total 


Carbonate  of  Lime 
„       of  Magnesia 


Bine   stone   from 
Margohiy 


White  lime-stone,  •< 
Margohi,    «••        ... 


Bine  stone  -  from 


Margohi, 


"•( 


Oxide  of  Iron 

Sand  ••• 

Total 


••• 
••• 
••• 
••• 


60-65 

14-35 

0-67 

23-33 

1-00 


100-00 


Carbonate  of  Lime 

„        of  Magnesia 
Oxide  of  Iron 

n-^  I  Silica      

^**y  t  Alumina 
Sand  ••• 


••• 

••• 


Total 


••• 


Carbonate  of  Lime 

„       of  Magnesia 
Oxide  of  Iron        ...    ... 

Clay  I  ^^J^"^.     

■'  \  Alnmina 

Sand  ••.        ••. 

Total 


Carbonate  of  Lime 
^,     /  Silica 
^**y\  Alumina 
Sand  ••. 

Oxide  of  Iron     ... 

Total 


8000 
Traces,  but 
not  appreci- 
able. 
Ditta 

2000 

00-00 


*•  • 


10000 


64-07 

1100 

1-83 

82-00 

1-60 


100-00 


76-78 
0-44 
0-60 

23-33 

0-00 


10000 


81-34 

1600 

0-66 
200 

10000 


Bemarks. 


]  Hydraulic  lime- 
I  stone  containing 

tlime  limites  in 
notable  propor- 
tion. 
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HaterUlB  from  whence 
obtained. 


Cknnpoiltion* 


A48 


B77 


A7 


Qny  lime-Btone 
from  Rohtas  Hill,  24 
miles  from  Dehroe, 


Yellow  clay  fonnd 
at  Margohiy 


Qhoodng^-stone 
from  Dinapore, 


Carbonate  of  Lime 
Clay  and  Sand 
(Feeble  traces  of  Oxide 
of  Iron  and  Carbonate  of 
Magnesia). 

Total    ... 


72-34 
27-66 


Carbonate  of  Lime 

„        of  Magnesia 

Oxide  of  Iron    

p,i  1  Silica  ••. 

^**y     1  Alumina 
Sand  .••        ••- 

Total 


1 


>- Cement  ston 


J 


100-00 


Carbonate  of  Lime 

„         of  Magnesia 
Oxide  of  Iron 

^'*y     \  Alumina 
Sand 


••• 


i 


11  80 
0-70 
None. 

82-00 

600 


10000 


} 


Good  for  ma 

^factore  of  al( 

setting  cema 


77-od 
1-00 

82-00 


Not  appre- 
ciable. 


100-00 


Remarki  about  tht  preparation  cf  the  eampUe/or  cement, 

ItL — Tbe  samples  marked  Nos.  1,  2,  8,  4,  5,  6,  bare  been  polTerized  and  pai 
through  a  sieve  of  60  meshes  to  one  inch.  The  proportions  of  each  have  been  a 
f ullj  measured  in  volume,  after  being  mixed  in  water  ;  the  water  was  then  remo 
by  decantation,  and  the  mixture  left  until  formed  into  the  consistence  of  a  rat 
hard  paste.  Of  this  paste,  balls  were  made  of  about  2)  inches  in  diameter  ;  tl 
balls  were  exposed  to  the  sun  for  seven  days  and  burnt  in  the  small  kiln  with  i 
When  taken  out  from  the  kiln,  they  were  pulverised  and  strained  throagh  a  sieve 
€0  meshes  to  one  inch. 

The  powder  thus  obtained  was  mixed  with  a  little  water  and  made  into  a  rather  i 
paste  of  which  while  a  portion  was  put  into  a  tumbler  and  immersed  in  water,  of 
other  a  cake  was  made  and  left  exposed  to  the  air. 

The  cement  in  water  eventually  was  tested  with  the  Aiguille  of  Vicat. 

2nd.-~Thc  samples  marked  Nos.  9,  11,  and  12  were  not  pulreriEed,  bat  I  put  o 
the  stones  (well  washed  previously)  in  the  kiln,  and  after  burning  sifted  them  throi 
the  same  sieve  of  60  meshes. 
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Thb  following  Tables  referred  to  in  Bection  V.  on  Strength  ol  liCaterials,  are  ex- 
tracted (with  adaptations*)  from 

Hodgkinaon's  Experimental  Researches  on  Strength  of  CSast-Iron,  1846, 

Bankine's  Manual  of  Civil  Engineering,  1870,  and  Useful  Rules  and  Tables,  1870, 

Stoney's  Theory  of  Strains,  1866, 

Molesworth's  Pocket  Book  of  Engineering  Formnlfe, 

Eeay's  Scantlings  of  Timbers  for  Roofi^  1872, 
and  carefully  yerified  with  them.    All  the  quantities  are  from  the  nature  of  the  case 
only  appMkimate :  this  is  especially  the  case  with  the  Constants  of  Strength. 

Exp!aiiati4m  of  Tables. 

Tables  t,  and  XL  of  8*6th  and  l'7th  powers  are  intended  for  use  with  Hodgkinson's 
FormnUe  for  <<yery  Long  Pillars",  Eq.  10, 11, 12,  Art  616,  Chapter  XXIII. 

Table  tXL  contains  the  specific  grayities  and  weights  per  cubic  foot  of  many  Mate- 
rials useful  to  the  Engineer,  not  inserted  in  Tables  IV.  to  VIL  because  their  constants 
of  strength  are  not  known. 

Tables  IV.  to  VIL  contain  the  specific  grayities,  and  weights  in  pounds  to  a  cubic 
foot  (w),  also  (for  Metals)  in  pounds  to  a  cubic  inch,  and  the  linem^  expanaLon 
(of  Metals)  between  82®  and  212®  F :  (their  rate  of  linear  expansion  per  degree  Fahr. 
is  ol  course  xlrr  of  that  tabulated),  and  the  Modlill  of  Tensile,  Crushing,  and  Trana- 
yerse  Strength  (/t,  /«,  /b),  and  of  Tensile  Elasticity  (Et)  in  pounds  per  square  inch, 
also  (for  Metals)  of  Tensile  Strength  in  tons  per  square  inch,  i. «.,  /t  -f-  22i0. 

For  the  definition  of  these  quantities,  see  as  foUows : — 

/t  in  Art  481,  Chxp.  XXIL   /.In  Art  504,  Chap.  XXHL 
/b  in  Art  461,C1iap.  XXL      Et  in  Art  543,  CSiap.  XXIV. 

The  values  of  w,  Ed  =  7^7*  Et,/t,  i)b  =  iV  /bt  for  all  the  common  Indian  woods 
are  tabulated  at  end  of  Chap.  V.  Sec  L,  q,  v. 

The  value  of  /•  has  been  determined  for  only  two  Indian  Woods  (Sil  and  Teak), 
which  have  been  included  in  this  Table  (not  being  in  Chap.  V). 

Tables  Vm.  and  IX.— Explanation  ia  with  the  Tables. 
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Tablb  L  of  S'6th  PowBRs  of  Numbkhb. 


Homber. 

S'Mh  PuwH* 

Hmnber. 

rtlhFowv. 

ymiiljfi'. 

S-dhFoMT. 

1-0 

1-0 

4-25 

182-89         1        6-8 

993-19 

1-25 

2-2329 

4-8 

19076         1         6-9 

10468 

1-6 

43045 

4-4 

207-22         1         7-0 

1102-4 

1-75 

7-4978 

4-5 

22468         1         7-1 

1 160^ 

2-0 

12125 

4-6 

248*18         1         7*2 

1220-1 

8-1 

U-454 

4-7 

262-76         1         7-25                1250-9 

2-2 

17-089 

475 

272-96         1         7-8                  1282-2 

2-25 

18-529 

4-8 

288-44        1         7*4                  1346^ 

8*8 

20-055 

4-9 

805-28         1         7-6          I        1413-3 

2-4 

23-3755 

5-0 

828-32        1        7-6          i        1482-3 

f-5 

27-076 

51 

85258        1        7-7          1        1553-7 

2-6 

81-182 

5-2 

878-10 

7-76                1590« 

2-7 

85720 

5^ 

891-86 

7^                  1627-6 

2-76 

88-159 

5*3 

404-94 

7-»                  17040 

2^ 

40-716 

5-4 

43318 

8-0         1        1782-9 

2-9 

46-199 

5-5 

462-71 

8-23       I        1991-7 

8-0 

52-196 

5-6 

498-72 

8-6         1        2217-7 

81 

58-736 

5-7 

526-20 

8-75       J        24617 

8*2 

65-848 
69-628 

5-75 

548-01 

9H)          f       2724-4 

8*25 

5-8 

560-20 

9-25               8006-85 

8^ 

78-561 

5-9 

595-75 

9-6                 8809-8 

8-4 

81-908 

6-0 

632-91 

9-75                8634-3 

8-6 

90^17 

61 

671-72 

10-0         1        8981-07 

8*6 

100-62 

6-2 

712-22 

10-25       1        4351-2 

8-7 

111-05 

6*26 

788-11 

10*6 

4745-5 

8-75 

116-55 

6-8 

754-44 

1075 

51650 

8-8 

122  24 

6-4 

798-45 

11-0 

56107 

8-9 

134-23 

6-5 

844-28 

11*25 

6083-4 

4-0 

147-08 

6-6 

891-99 

11-5 

6584-8 

41 

160-70 

6-7 

941-61 

11-75 

7114-4 

4-2 

175-26 

6-75 

967-15 

120 

7674-5 

Tablb  IL  of  l*7th  Powers  of  Numbbrs. 


I 


r 


Namber. 

l-7th  Power. 

Namber. 

l-Tfch  Power. 

Ktunber. 

l-7th  Power. 

1 

1-0 

9 

41-900 

17 

128*58 

2 

82490 

10 

50*119 

18 

186-13 

8 

6-4730 

11 

58-934 

19 

149-24 

4 

10-656 

12 

68-329 

20 

162-84 

5 

15-426 

13 

78-289 

21 

176-92 

6 

21-031 

14 

88-801 

22 

191-48 

7 

27-332 

15 

99-851 

23 

206-51 

8 

84-297 

16 

111-48 

24 

222-00 
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Table  III.^HBiyiNBsa  of  Materials  not  included  in  following  Tables. 


ifafjirf^, 


Air,  dry  at  82«  F,     .. 
Charcoal,        •  •         •  • 

Clay. 

Coal,  anthracite,        •• 

„    bitaminoiia,      •  • 

Coke, 

Concrete,  common,    •  • 

„        cement,      •  • 

Earth,  common,        •  • 

„      loamy, 

„     rammed,         •  • 

II      loose,   •  •        •  • 
Felspar,         •  •        • . 

Flint, 

Glass,  crown,  average, 

„     flint         „ 

fi     groen       „ 

„     plate       „ 
Gypsnm,        •  •        •  • 
Gravel,  ^       ••        •• 
Lime,  qmck,  ••        •• 

Marl, 

Mud 

Peat, 

Qoartz,  •  •         •  • 

Sand  (damp),  •  •        •  • 
Sand  (dry),     •  •        •  • 

Shale, 

Shingle,  •  •        •  • 

Tile, 

jTrap,   •  •         •  •         •  • 

Water,  at  89*1  F,      .. 
„      Bea,     •  •        •  • 


Spedflo  Gravity. 

Weight  of  a  cnUo 
foot  in  potmds. 

•001225 

-080728 

•280  to  -542 

17-5  to  38^9 

1*92 

120 

1-602 

100 

1-24  to  1-44 

77-4  to  89-9 

10  to  1-66 

62-48  to  103-6 

1-9 

119 

2-2 

188 

1-62  to  2-0 

95  to  125 

2016 

126 

1-684 

99 

1-52 

95 

2-6 

162-8 

2-68 

164-2 

2-6 

156 

8-0 

187 

2-7 

169 

2-7 

169 

2-8 

148-6 

1-7  to  1*9 

109  to  120 

•8 

50 

1-6  to  1-9 

100  to  119 

1-68 

102 

1-88 

88 

2-65 

165 

1-9 

118 

1-42 

886 

2-6 

162 

1-4 

90 

1-81  to  1-85 

118  to  116 

2-72 

170 

10 

62425 

1-026 

64-05 

Table   IV. — Strength  op  Portland  Cement  Mortar* 
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ModnloB  of  Oroahing. 

Modnlua  of  Tenacity. 

UateriaL 

j 

Bet 

Set 

Bet 

Bet 

Set 

Bot 

Set 

Bet 

& 

o 

< 

C 

9 

7 

1 

8 

6 

19 

1 

Monllis. 

HoBtbt. 

Ifanths 

Days. 

Month. 

Months. 

Months. 

Mtfnths. 

Portland 

i 

neat 

8,796 

5,888    5,984 

198 

802 

890 

486 

478 

Cement 

Itol 

2,491 

8,478 

4,561 

68 

145 

244 

284 

854 

and 

^ 

lto2 

2,004 

2.762 

8.647 

28 

74 

201 

221 

270 

Clean 

PU 

lto8 

1,436 

2,156 

2,398 

20 

41 

136 

185 

189 

Pit  Sand 

lto4 

1,881 

1,797 

2,208 

10 

82 

68 

122 

141 

Ol 
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Table  YIIL — Rssutatcs  to  Shkasivo. 


* 


f 


/ 


• 

6 


i 


I 


Xodalosof 
tnffSDvoftlL. 


Sfodnlasoe 


•••     ••• 


BnM  wire  dnwDy 
liraOy  cflflty    •••    •••    ••• 

IlOOj  WFOO^lty     •••     ••• 


27,700 
SOfiOO 


6;5OO.00O 

2,850.000 

f   8,500.000 
li  9,500,1X10 


For  defisixiJE  f 
E^  «v  An.  »^i 
tliisTmtfje. 

Tht  ccwiviHTi  fr 
Aftaiing  here  bea 
dctoiDiiied  ixwfsj 


Awll,  •••        •••  •••  ••• 

junif     •••    •••  •••  ••• 

Fir,  Itfch,    •••  •••  ••. 

9,    red  pioe,  •••  ••• 


■piiice, 


,  •••    •••    ••• 


Oak  (  Nornuuidj  ),    ... 


1,400 

1,400 

970  to  1,700 

500  to  800 

800 

2,300 


i 


76/>00 
76/KM> 


62/)00 
116,000 


82,000 


Table  IX. — Risiliesce  op  Ibov. 


lUtofaL 


Ifodnhuof 
BesQienoe. 
ft*  -^Et. 


Bedprood  of 
Hodolos. 


Cast-iron,  weak,  •••  •••  ••• 

„        ayenge,  

„        strong',  •••  •••  ••• 

Bar-iron,  good  average, 

Plate-iroo,          „  •••  ... 

Iron-wire,           „  —»  ••• 

Dteei,  sort,    •■•    •••  •••  ••• 

„     naru,  ...    ...  ...  ••« 


12-825 

•0780 

16-02 

•0624 

36-72 

•0272 

124-11 

•0081 

10413  ? 

•0096? 

320-13 

•0031 

279-27 

•0036 

414-9 

•0024 

&w  Alia.  477,  m!, 
553of  thisTrettiM. 
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APPENDIX    III. 


TECHNICAL    VOCABULAEY. 


Orthography, 

The  spelling  of  the  Hindustaai  words  is  the  same  as  now  generally 
adopted*  iif  technical  works  (as  in  Dr.  D.  Forbes's  Hindostani  Books), 
except  that  the  diacritical  marks  of  consonants  have  in  general  been 
omitted.  The  spelling  indicates  at  once  the  pronunciation  and  also  the 
correct  spelling  in  the  Oriental  characters  (except  minor  differences  in  con- 
sonants which  haye  been  considered  unnecessary  to  the  Engineer). 

Pronunciation  of  Vowels. 

a      as  the  first  yowel  in  papa^  mamma, 
d      as  the  last  yowel  in  papa^  mamma. 
e       as  the  yowel  sound  in  late^  rate. 
i       as  in  (^in,  |?in. 

1       as  the  yowel  &ound  in  deed,  meet, 
o       as  in  hole^  pole. 

as  in  French  or  German, 
as  the  yowel  sound  in  good,  foot. 
t,       as  the  yowel  sound  in  hoot^  root. 
au       «s  the  yowel  sound  in  how^  now* 
ai        as  the  yowel  sound  in  hite^  kite. 
Pronunciation  of  Consonants. 
Consonants  to  be  pronounced  in  general  as  in  English :— except  as 
follows : — 
ph,  tb,  must  inyariably  be  separately  pronounced,  i.  e.,  as  in  uphill^ 

pothooky  (not  bb  m  philosophy 'jhing), 
kh,  gh,  as  in  English. 
kh,  as  the  Scotch  or  German  ch,  as  in  loch, 
ghj  nearly  as  in  McLaughlin* 

*  Aim  known  as  the  Hnnterian  System. 
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Names  of  Buildings. 


i 

I 


f 


' 


.  1 


\  1 


.  1 


f 

7 


Bangala    . 

.    pent-roofed  house. 

Ki1a,garh. 

m        fOttm 

Bnrj . 

•    tower,  bastion. 

Kothf 

•    flat-roofed  home. 

Chhionf 

.    cantonment. 

Kothrf 

.    chamber,  room. 

Chokf 

.    staging  house. 

Kabr,  gor .        • 

•    tomb. 

ChhipA-JIAAna  . 

•    printing  office. 

Kir-iirAina 

.    workshc^ 

Baftar      . 

.    office.               • 

Kaid-i^Aina       . 

»■   gaol  or  prisoo. 

Ben 

temporary      dwel- 
']   ling,  tent 

Madrasa    . 
Maktab     . 

•  oollcseu 

•  achooL 

Ddkin       .       . 

*    shop. 

Masjid 

•    moaqne. 

Gi'on,  nagar    . 

.    village. 

Mandir     . 

.    Hindoo  temple. 

Ghar 

.    hoQse. 

Mori 

.    drain. 

Giija-gfaar 

.    chnrch. 

Shahr 

•    city. 

GodAm      . 

.    warehonse. 

TahsU       . 

.    local  treaniy. 

HaweH 

.    house,  manrion. 

Thina 

Kabriatin,  gorii 

tin  .    burying  ground. 

Names  of  Work-people,  ArUzans,  Ac. 

Bixiz 

.    cloth-merchant.       . 

Khalisf     . 

.    tent-keeper. 

Banija     • 
Barh&'i     . 

•    corn-dealer,  grocer. 
.    carpenter. 

Kumhir    • 

Kali 

•    potter. 

•     labORT. 

Beldir      . 

.     digger. 

Lohir 

•    blackamidL 

Bhishtf     . 

.    water-carrier. 

Mahljaa  , 

•    banker. 

Chihkan  . 

.    well-sinker. 

Mans(kr     • 

.    laborer. 

Chata*(wi14     . 

.    mat>  maker. 

Mistrf 

Chhipnewili 

•    printer. 

Mochf 

•    leather-cotter. 

Chhappar-band 

.    thatcher. 

Muharrir  . 

•1 

Chamir    . 

,       •    currier. 

Munshf     . 

•  >  writer. 

Chapr&si  . 

•       •    messeng^er. 

Mutsaddf 

.    .) 

Barzf 

.    tailor. 

Pyiin 

messenger. 

Girlwin  . 

.    carter. 

Rij           •       . 

•    bricklayer. 

Ghrimf     . 
Jildgar     . 

.    thatcher. 
.    book-binder. 

RangsAs   . 
Ranerei    • 
Baudigar  . 

.    painter. 
,       .    dyer. 

KiriRar     . 

•    artisan. 

•       •    merchant 

Kali'i-gar 

.    tin-man. 

Sunir 

•    goldsmith. 

Earthw 

ork,  fto. 

Ahal 

.    the  tire. 

Gas 

•    measuring  rod. 

ArrA 

.    spoke. 

Gentf 

.    pickaxe. 

BUlti 

.    wooden  bucket. 

Guniyi     . 

.    ground  square. 

Beldir       . 

•        .    excavator. 

Hith-giri . 

.    wheelbarrow. 

Bojh 
Charas 

.        .    burden. 

large  leathern  well 
•J   bucket. 

Jhim 
J(i'i 

Ihoe    used  in  wcH 
*]   sinking. 
.    joke. 

Dighhei    . 

.    tracing. 

Karri        • 

.    pile. 

Darinti,  hansij 

i       .    reaping  hook. 

Khep 

•    trip. 

Dasta 

.    helve. 

Khodi'f    . 

.    excavatioa. 

Dh&l,  salimf 

.    slope. 

Khodili     . 

•    small  native  mA, 
.    grass  cutter's  oibbk. 

Dhuri 

.    axle. 

Khurpi 

Dol  . 

.    leathern  bucket. 

Khnnti,  meAA 

.    pes  or  pin. 
•    well. 

Dulchl      . 

.    small  bucket 

K(i'i 

Dnrmat     . 

.        .    rammer. 

Machik    . 

.    pile  engine. 
.    gane  ot  beldan^ 
.    hand-barrow. 

G&ri 

.    carriage  or  cart 

Madad 

Girl,  do-baldl 

.    2-bnllock  cart. 

Minjhf     . 

Girf ,  chao-bald 

f       .    4-bullock  cart 

.-J 


▲rPBHDIV. 


zlvii 


Earihworki  SBC-iConHnned.) 


Mashak 

Moth 

Niwir 
Pahiya      • 
Paim&na  • 


Bel,  belcha, 
Bhatthi,  bhatthf 
Ch&k. 
Chbalii&,  chhaini 
Chiknf  matt! 
Dheli 

Dh(ip,  gh&m 
Dorl  . 
Gir& 
Ohari 
H&ndi 
Haoz         • 
Int    .        • 
Jhima 
Kachi  int  . 
Kam  pakk& 

EathrA      . 

Kh&t 

Kho'&,  Tork 
Kfchar 


Astark&ri  . 
Bfgri         •       • 
Bar&bar,  chaoras 
Baranda   • 
Bnnvid     .        • 
Cbakki     . 
Chhat 

Chhappar  ki  chhat 
Ch<in& 

Ch&ni'f    . 

Ch(iiie  ki  chakki 
Dar}  bachAiiA    • 
Basfnti     . 
Dit,  mihiAb      . 
DhoU,  kilib     • 
Farrash     •        • 
UtA  • 
Gaz  . 
Gimi7&     . 


)  water-carrier's  lea- 
thern water-bag. 
fhurge  leathern  well 
backet  with  spout 

•  coarse  broad  tape. 
.    wheel. 

•  measure. 


Pakhll     . 

Thipf 

Thapkf  . 
Tindal  . 
Tokr&,  tokri 


Brick-making. 


•  spade,  shovel. 

.  enclosed  brick-kiln. 

.  potter's  wheel. 

.  sieve  or  screen. 

•  clay,  stiff  soil. 
.  clod. 

•  snn's  heat. 
.  cord. 

.  mad-mortar. 

.  large  earthen  vessel. 

.  small  ditta 

.  reservoir. 

.  brick. 

.  vitrified  brick. 

.  snn-dried  brick. 

•  nnder-bomt 

(hod   for    carrying 
mortar,  &c. 

.  dast 

.  mannre. 

.  broken  bricks. 

.  mad,  mire. 


Kondi 

Eiir& 

Manjhi 
Mattf,  mittf 

NiU,  n&li 

Nand 
Paj4w& 
Pakki  fnt . 
Ph&'orA     . 
Pili  int      . 
R&kh 

Rass&,  rassi 
Ret&,b4l6 
Retla 
Ror&. 
8inch&      . 
T&l,  t&li'o 
Terh& 
Upli 


Btiilding. 


,    plastering. 

coarse  sand  gmvel. 

level,  flat 
'    verandah. 

foundation. 

mill. 
,    root 

.    thatched  roof. 
,    lime. 

(brick- work  in  mor- 
l  tar. 

»    mortar  milL 
.    bond  (to  preserve). 
.    ten-foot  rod. 
>    an  arch. 
,    centering. 

flooring. 
.    measuring  tape. 
,    measuring  rod. 
,    square. 


Gumbaz  • 
Hathaurf  . 
Ilawi  chakki 
Kainchi  . 
Eangni  . 
Kami 
Karri 

Khaprel    . 
Khaprel  ki  chhat 
KharanjA  • 
Khod&'i    . 
Kona,  gofiha 
Mirtol      . 

Mass&lih  . 

Nal  . 

Pakki  furrash 
Pakki  chhat 
Pan  chakki 
Panail 


(large  leathern  wa- 
ter-bag carried  on 
a  bullock. 
{flat  wooden  earth- 
work beater. 
.    small  ditto. 
.    overseer  of  a  gang. 
.    basket 


.    small  earthen  pan. 

(litter,  rubbish, 
sweepings. 

•  hand-barrow. 
.    earth,  soil. 

)  water-course  y 
'  (   ravine,  pipe. 
.    lar^  earthen  pan. 
.    native  clamp. 
.    well-burnt  brick. 
.    native  spade. 
.    half-burnt  brick. 
.    ashes. 
.    rope. 

•  sand. 

•  sandy. 

•  brickbat 

.  mould  (pagting), 

.  tank  or  pond. 

.  distorted,  twisted. 

•  dried  cowdnng. 


•  dome. 

•  mason's  hammer. 
.  windmilL 

.  truss. 

•  cornice. 
.  trowel. 

•  rafter. 

•  flat  tile. 

.  tiled  rool 

.  brick-on-edge  floor. 

.  excavation. 

•  comer. 

•  hammer. 

{prepared  material  d 
any  kind. 

•  tube  or  spout 

•  terraced  floor. 
.  terraced  rool 
.  water-mill. 

•  leTcJ^awiitergaiige. 
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Pans&l  kunk 
PAr  . 
Fatthar     . 
Filpftya     . 
Kaddi 
8&wal,  B&k6l 
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Bxjdldiai.—(  Continued.) 


toleveL 

scaffolding. 

stone. 

pillar. 

coarse,  layer. 

plummet 


Shahtfr,  latthi 
Sfrhf 
SorAAf 
S6t,  s6tlf  . 
TAnki 
Tikantf     . 


ladder. 

ponnded  bricksL 
thread  tracing  line. 
stone  mason's  chiseL 
mason's  lercl. 


Bridge  Building. 


9 


1 


} 


Atrif 
Band 
Darjk 
Dkt  . 

Fasfl,  madcr 
Jor  . 
Xhtaa 


A'Tk 

A'ri 

Anz4r,  hathiy&r 

Barm& 

Basdlk      • 

Billf 

Birinji 

Bnr&da     • 

Chibi 

Charkhi    . 

Chankhat . 

Chitkini    . 

Chdl 

Dilli& 

Gaz-mistar 

Ghimi      . 

Gol-Ari      • 

Gond 

Jori  . 

Kabsa 

Khirkf 


hannches. 

bonding. 

large  river. 

key-stone. 

parapet. 

joint 

splay. 


Kin&ra 
Naddi       . 
P&ya 
Pul  • 

R&s  mihrib 
Sarak 
Tali  . 


Carpentry. 


a 


large  saw. 

hand  saw. 

tools. 

anger,  brace,  &  bit 

adze. 

doorbolt,  bar. 

tack. 

sawdust 

key. 

windlass. 

doorframe. 

sliding  bolt 

tenon. 

paneL 

straight  edge. 

block  or  pulley. 

circular  saw. 

gum. 

pair  (of  doors). 

hinge. 

window. 


Kiw&ra     • 
K6'e  kf  buny&d 
Kulh&r4 
Kulh&rf 
Le'i  . 
Mcx  . 
Min. 
Mnch&k 

Nfmchak 

Park&r 

Pechkash 

Pipd. 

Preg,  kll 

Randa 

Retf . 

Rukh&ni 

Sandak 

Shikanja 

Srcsh 

Tklk 


bank  edge 

small  riTer. 

pier. 

Bridge. 

crown  of  the  arch. 

road. 

bottom. 


•  door. 

•  well  foundation. 

.    large  felling  axe. 

•  small  felling  ^'^f^ 
.    paste. 

.    table. 

•  bradawl. 

.    pile  driver. 

{corb    under     wellr 
ring. 

•  pair  of  com{>a8se& 
.    screw  driver. 

barreL 

naiL 
.    plane. 
.     file. 
.    chiseL 
.    chest,  box. 

•  press,  cramp. 

•  glue. 

•  lock. 


Thatching. 


t 


B&n  . 

B&ns 

Barerf       • 
Bind 

Boriy&,  chat&'l 
Jh&mp 

Eans 

M(inj 

Parda 

Phuns 


.    m(inj  string. 
.    bamboo. 
.    ridge  pole. 

•  reed,  niscine. 

•  small  mat 
.    mat  screen. 

{coarse      thatching 
grass. 
.    grass  rope. 
.    shutter. 
.    thatching  grass. 


Pul4 

San  . 
Sanf 

Sarkanda  . 
Senthi 

Sirkhi       . 

S6t  . 

sat  ki  rassi 

saui 


{bundle  of  thatch- 
ing grass. 
.     kmd  of  flax. 
.    same,  long  &  coane. 
•    name  of  a  reed. 
.    single  stem  of  ditta 
I  the  upper  part  o£ 
*\  sarkanda. 
.    thread,  strings 
.    cotton  rope. 
.    twine. 
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Metals,  Ac. 

Azhdh&t  . 

.    bell  metal. 

Loh&  gol  . 

•        .    rod  iron. 

ChAndf      . 

,    silver. 

Loha  knndU 

.    hoop  iron. 

DhAt,  filiz 

•    metal. 

Loh6  sarri 

.    pig  iron. 
.        .    iron  wire. 

Isp&t,  f  6l&d 

.    steel. 

Loh&  tAv  . 

Jast . 

.    zinc. 

P&r&,  slm&b 

.    quicksilver. 

Jjohk 

•    iron. 

Pftal 

.    brass. 

Loh&  chddrf 

.    sheet  iroiu 

Hdng&,kal&'i 

.        .    tin. 

Loha  chapt&      , 

.    flat  iron. 

Sl8&  . 

.    lead. 

Loh&chaukor  . 

•    bar  iron. 

TimrA       . 

.    copper. 

Painter's  Work. 

A'fna 

.    pane  of  glass. 
.    linseed  oil. 

Pilfmattf. 

.    yellow  ochre. 

Alsf  k&  tcl 

Sankhiyd  . 

•    arsenic 

Dabb4 

.    leathern  oil  vessel. 

Sender 

.    red  lead. 

Ganda-biroza, 
tarpantel 

.    turpentine. 

Shisha,  k&nch  . 
Sil    .        . 

.    glass,  phial. 

i  stone  for  grinding 
•  (     color  on. 

Gera 

.    red  ochre. 

Hartfil      . 

.    orpiment. 

Sls&  . 

.    lead. 

Hil   . 

.    sugar  of  lead. 

Sufedd      . 

.    white  lead. 

K&f6r 

.    camphor. 

Tarpfn  k&  tel    . 

.    oil  of  turpentine. 

E&jal 

.    lamp  black. 

Tel  . 

.    oil 

Kbariyd  matt{ 

.     chalk,  whiting. 

Tel,  alsf  k& 

.     linseed  oiL 

Lfl&  t(ttly4 

•    bine  vitriol. 

Tel,  nftriyal  k& 

.    cocoanut  oiL 

Malt&nf  mattf  . 

.     yellow  ochre. 

Tel,  sarson  kd  . 

.    mustard  oil. 

Nil    .        .        , 

.     indigo. 

Tel,  til  k& 

.    sweet  oiL 

Blaoksmit 

li's  Work. 

ADgethf    . 

•    flreplace. 

K&bila       . 

.    screw  bolt 

Bank 

.    vice. 

Kainchf     • 

.    scissors. 

Chamrd     . 

.    leather. 

KoeU 

•    charcoal. 

Chbenf      . 

.    small  wedge,  chisel. 

Mez  kf  bank     . 

•    largo  vice. 

Cbimtd     . 

.    pincers, 
oknf .    bellows. 

Pachhar    . 

.    wedge. 

Damkash,  dhaiu 

Phdlf,  pattf 

.    washOT. 

Dh&li  h6'& 

.    cast 

Ral  .        .        . 

.    rosin. 

Dhdln&      . 

•    to  cast. 

Udng 
Sambd 

.    solder. 

DhibK       . 

.    nut. 

.    punch. 

Dbiblf-kash 

.    nut-key. 

Sanddsf,  chimtd 

.    tonga. 

Gban 

.    sledge  hammer. 
.    small  ditto. 

Sohan 

.    file,  rasp. 

Hathanri 

Td'o . 

.    red  hot 

Hath  kf  bank    . 

.    hand  vice. 

Td'6  dena . 

.    to  heat 

Jelf  . 

.    rake. 

Tdrkash    . 

.    wiie-drawer. 

Survc 

iying. 

Dasfati    . 

,    ten-foot  rod. 

Matdm 

.    bench-mark. 

D(irbfii     . 

.    telescope. 

Ni^sha     . 

•    map. 

FarzfA^tt      ,. 

.    datum  line. 

Nakshabandnd. 

.    to  plot 

FltAki  jarrib    , 

.    tape. 

Ndp 

•    measure* 

Gaz  .        •        , 

.    staff. 

Paimd'ish . 

.    survey. 

Hamw&ri  • 

.    levelling. 

PaimdMsh  karna 

.    to  survey. 

Jarrib 
Jhandi 

.    chain. 
.    flag. 

Pakkdmatdm  . 

( permanent    bench- 
*  (     mark. 

Eamp&s    • 

( surveying  instrn- 
*  ]     ment 

S6'd . 
Tflonkddhdl   . 

•  arrow. 

•  contouring. 

Kbontf      . 

.    peg. 

Tlpi'i 

.    tripod  stand. 
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INDEX  TO  VOL.  I. 


The  Numbers  refer  to  the  Paragraphs, 


A. 

Adhesion  of  mortar,  93,  95. 
Akra  flame  kiln,  88. 
Alloys,  1G8. 
American  derrick,  316. 

lime  kiln,  108. 

Angle  iron,  161. 

— —  joint,  244. 

Stmts,  Examples  in,  638— (6)  697, 

Ex.8. 

Stmts.  526— (4),  626— (6). 

Ties,  482. 

Analysis  of  lime,  69. 
Apparatos,  excavatinp:,  410. 
Applied  Mechanics,  Sec.  V. 
Applying  mortar,  120. 
Arches,  845  et  »eq, 
bond  of  brick,  365. 

—  bond  of  stone,  360. 

■  centerings  for,  361. 

— ^— -  cohesion  of  mortar  in,  848. 

■  concrete,  130. 

flat,  867. 

form  of,  358. 

— —  Gothic,  307. 
inverted,  369. 

■  9      joints  of  raptnre  in,  849. 

■  keying  and  oncentering  of,  363. 
obliqne,  871. 

rampant,  368. 

—  relieying,  446. 


Arches,  semi-elliptical,  358i 
skew,  372. 
theory  of,  846. 
thickness  of,  860. 
thickness  of  abatraent  for,  852. 
thrust  of,  350,  351. 
Tudor,  856. 
underground,  870. 


Areas,  section,  (Earthwork,)  196. 
Argillaceous  stone,  6. 
Artificial  cement,  84,  85,  86,  87. 
Artificial  stone,  Ransome's,  17. 

Sorcl's,  17. 

Victoria,  17. 


Ashlar,  805,  306,  320. 
Atkinson's  tiles,  59. 

Authorities  consulted  for  Sec.  V.    Preface 
Sec  V. 


Bags,  sand,  286. 

"  Bar  ",  560. 

Barlow's  Deflexion  FormnlaD,  614  to  616b 

Bar  iron,  161. 

Basalt,  5, 14. 

Beam,  599,  600. 

Beams,  built,  251. 

Bell  metal,  168. 

Bench-marks,  206. 

Bending,  Beams,  {tee  TrtDsrerse  Strain), 

Chapter  XXVI. 
Bent  ribs,  252. 
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Centres,  framing  of,  277. 

— —  Indian  examples  of,  280. 

'  pressure  on,  276. 

— —  principles  of  constructing,  278. 

striking,  281. 

Chain  of  Uniform  Strength,  498. 
Chains,  Iron,  491. 
Channel-iron  Stmts,  526^6). 
Check  on  Step  L  for  Roof  Stresses,  572. 
>  on  "  Method  of  Resolntion "  for 

Roofs,  682— (7).  687— (9). 
.         on  "  Polygonal  Method  **  for  Roofs, 

694. 
Chlorite  slate,  5. 
Choice  of  stone,  2. 
Chnnam  137. 
Church  roofs,  266. 
Circular  hrick  clamp,  46. 
Clamps,  brick,  circular,  46. 
English,  89. 

—  Indian,  40. 
Classification  of  limes,  72. 

—  of  stones,  4. 

of  timber,  142. 

Claj  crushing  rollers,  24. 

■  preparation  of  tile,  67. 

■  slate,  6. 

Clerk-Maxweirs  Method  for  Roofs,  page 

682. 
Coffer-dams,  421. 

at  Seotee,  424. 

Cohesion  of  mortar  in  arches,  848. 
Colored  bricks,  48. 

tiles,  62. 

Coloring  bricks,  60. 

■  yarions  recipes  for,  188. 

walls,  182. 

Collapsing  of  Tubes,  629. 
Common  rubble  masonry,  819. 
Composition  of  mortar,  114, 115, 118. 
Compression,  Crushing,  Chap.  XXIII. 
— —  Practical  Solution  of  Problems  in, 

682. 

■  Examples  on,  633,  697,  Ex.  8. 
Compression  and  Tension  contrasted,  634. 
Compressible  earth,  892. 

Concrete  arches,  130. 

—  houses,  181. 


Concretes,  123,  et  teq, 

experiments  on,  126. 


Conservation  of  Energy,  476. 

Construction  of  earthwork,  211. 

Contracts  for  earthwork,  189. 

Copper,  164,  177. 

Coping,  308. 

Cordage,  490. 

Corrugated  iron,  161. 

Cost  of  bricks,  36,  37,  41,  46. 

of  castings  at  Roorkee,  167. 

of  earthwork,  219. 

of  irrigation  pipes,  64. 

of  manufacture  of  a  kiln,  106 

of  tiles,  67,  68. 


Counterforts,  443. 
Coursed  rubble  masonry,  318. 
Cramps  and  dowels,  311. 
Crushing  of  Tubes,  629. 

Modulus  of,  604. 

—  Tables  of  Modulus  of.  Appendix  II, 

Culverts,  37. 

Curbs,  well,  416. 

Curve  of  equilibrium,  346. 

Cutting  in  earthwork,  222. 

Cylinders,  sand,  284. 

Cylindrical  vaulting,  377. 

D. 

Dams,  masonry,  447. 
■    Furens,  448. 
-^— —  Rankine's,  449. 


Decay  of  stone,  2. 

Deep  well  excavator,  Fonracres',  414. 
self-closing,  416. 


Deflexion,  603,  613. 

■■  formnlffi.  Barlow's,  614  to 616. 
— —  formulflQ  use  of,  617. 
Reay's  Method,  617. 


Dehra  Doon  lime  kilns,  104. 

Depth  of  foundations  in  retaining  walls,  439. 

Derrick,  316. 

'■  American,  316. 
Design,  General  Principles  of,  462. 
Digging  earthwork,  process  of,  2,  3. 

tools,  211. 

Direct  Elasticity,  543  to  545, 547  to  648. 
'       Load,  Strain,  Stress,  469. 
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Direct  ResUieiioe,  659. 
Streasea,  Chapter  XXV. 

—  Streas  in  Beama,  60L 
Diatemper,  1S8. 
Diatortioii*  459. 

Meaanre  of,  468,  S4S. 

Diatribotion  of  workmen  on  earthwork, 

216. 
Dolomite,  7. 
Dome8,374. 
Doora,  294,  295. 
Dowels  and  jogglea,  311. 
Drain  tilea,  68. 
Drainage  of  a  roof,  262. 

■  of  earthwork,  226. 
^—  of  retaining  walla,  441. 
Dredger,  Bnll'a  hand,  417. 
Dreasing  atone,  309, 312. 
Drying  bricks,  31. 
Dorabiiitj  of  stone,  15. 

E. 

Earth,  brick,  2& 
Earthwork,  188,  et  $eq. 

—  c^tre  Itne,  201. 

■  constmction  of,  211. 

■  ■  ■    ■  contracts  for,  189. 

—  cost  of,  219. 

■  coUings,  222. 

■  distribation  of  woiiunen  on,  216. 

—  drainage,  226. 

'  horse  ran,  224. 

■  mensuratipn  of,  193,  ei  seq, 
■■  on  Ganges  Canal,  220. 

■  ■       process  of  digging,  213. 

■  section  areas,  196. 
-^—  setting  out,  200. 

■  side  widths,  202. 

■  slips,  225. 

slopes  of,  190, 192. 

stabiUty  of,  190, 191. 

■  stages,  224. 

■  tools  for,  211,  et  iCq. 

■  Tolomes,  197. 
Elasticity,  Cfhapter  XXTV. 

■  Co-eflBcients  of,  540. 

■  Co-efficient  of  Deflcxional,  variously 

recorded,  550. 


EhMtidty,  defined,  587. 

Detennifiataon  o^  547. 

Deflexioiial,  549. 

Hooke'a  Jjkw  of,  541. 

■  Hodgkiiinon's  FofXDiiIjB  £ar  Dired 
548. 

« limit  of '%  538. 

Moduli  of,  54U 

Modoli  of  JOirect;  543  to  544. 

Tablea  of  Moduli  o^  Appendix  IL 

— —  Tranarerac,  546. 

Uae  of  Moduli,  Bt»  Ee*  Eli,  551. 

Rmbankmenta,  227,  et  seq. 
-^—  orer  a  marsh,  235. 

puddling,  237. 

aettlement  of,  231. 

Energy,  Conaerratioa  of,  47& 

Kinetic,  472L 

Potential,  4731 

Total,  474. 

Engine,  pile,  396. 
English  bond,  323L 

brick  kilna,  82. 

— ^  brick  bond,  328. 
— ^  brick  clamp,  39. 
—  lime  kiln,  102L 
Equilibrium,  curve  of,  846. 

Eqnationa  of,  453,  454,  468,  464^ 

466. 

Ezamplea  of  hammer-beam   troaaee,  269, 

270. 
—^—  of  preaaurea  on  centres,  276. 

of  staircaaea,  300,  30a 

of  timber  partitions,  292,  298. 

of  Indian  centree,  2801 

in  Compreaaion,  683, 597,  Ex.  a 

in  Tensi<m,  597,  Ex.  8. 

of  "  Method  of   Reaohitioii "  for 

Boofs,  579  to  589. 

<rf "Polygonal  Method^for  Boofo, 

597. 
Excayating  apparatus,  410. 
Excavator,  Fonracres',  well,  418. 
deep  well,  414. 


Excavator,  Fonracre's  ordinary,  413. 

self-closing  deep  well,  415. 

— -  Webb's  sub-aqoeous,  418. 
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Expanding  piles,  Prestage's,  402. 
Experiments  on  concrete,  126. 

F. 

Factor  of  Safety,  467, 481,  504. 

Live  Load,  457,  476,  564. 

Fastenings,  iron,  protection  of,  266. 

Felling  of  trees,  141. 

Felspar,  5. 

Fishing,  249. 

"  Fixed  Beam  ",  602, 608, 609. 

Flame  kiln,  Akra,  38. 

Sindh,  86. 

Flat  arches,  367. 

■  roofs,  disadyantages  of,  269. 

■  inclination  of,  259. 

■  scantlings  for,  258. 
Flat  iron  used  in  bond,  327. 
tiles,  68. 

FlemLih  brick  bond,  326,  326. 
Flexure,  603. 
Flint,  6. 

Flooring  tiles,  61. 
Floors,  287,  et  seq. 

modes  of  strutting,  289. 

— single  joisted,  288. 

Form  of  arches,  35a 
Forming  of  mortar,  113. 
Foundations,  block,  408. 

in  retaining  walls,  depths  of,  439. 

in  water,  420. 

■  iron  tubular,  405. 

well,  406,  412. 

Fouracres'  deep  well  excavator,  414. 
ordinary,  4ia 

self-closing,  deep  well,  416. 

Fracture,  459. 

■  Modulus  of,  648, 
Frame  Diagram,  691. 
Framing  of  centres,  277. 

various  methods  of,  245. 

Fuel  for  lime  kilns,  100. 

6. 

Galvanized  iron,  162. 

Ganges  Canal,  earthwork  on,  220. 


Girder,  699. 

Girders,  trussed,  260. 

Glazing,  186. 

Gneiss,  6. 

Grood  bond,  importance  of,  328. 

Goodness  of  bricks,  22. 

Goodwyn's  tiles,  69. 

Gordon's  Formula  for  **  Pillars  '*,  520, 621. 

Formula,  Examples  on,  68d>  and 

697,  Ex.  8. 
Gothic  arches,  357. 
Granite,  5. 
Grauwacke  slate,  6. 
Green  stone,  5. 

Grinding  cement,  difficulties  of,  79. 
Growth  of  trees,  144. 
Gun  metal,  168. 
Gypsum,  135. 

R. 

Hammer-beam  truss,  267. 
—  examples  of,  269,  270. 
Hand  dredger.  Bull's,  4 17. 
Hard  earths,  391. 

Hodgkinson's  formulie  for  •*  Long  Pillars  " 
612,  613. 

"  Very  Long  Pillars  ",  616  to  618. 

"  Pillars,"  Examples  of,  633. 

Elasticity  and  Set,  648. 

Iron  Beams,  611. 


Hoffmann's  brick  kilns,  47. 
Hollow  masonry,  338. 
revetments,  444. 


Hooke's  Law  of  Elasticity,  641. 

Hoop- tension,  493  to  497. 

Hornblende,  6. 

Homstone,  5. 

Horse  run,  224. 

Houses,  concrete,  131. 

Hutton's  Experiments  on  Wind,  666— (2), 

Hydraulic  cement,  73,  81. 

limes,  83. 

■     '  mortars,  88. 

I. 

Implements  for  moulding  bricks,  30. 
Inclination  of  flat  roofs,  269. 
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Indeterminate  Problem  in  TnuMS,  576. 
Indian  brick  kilns,  84. 

—  brick  clamps,  40. 

—  centres,  examples  of,  280. 
metals,  169. 

■  timber  trees,  152. 
Intensitj  Classification  of   Load,   Resist- 
ances, Strength,  Stress,  Strain,  456. 

,  (of  Load,  Resistance,  Stress)  Mea- 

sure of,  468  to  470. 

■  of  Strain,  468. 
Intermittent  kilns,  101. 
Inverted  arches,  369. 
Iron  and  wood  in  roofs,  268. 
Iron,  154, 169. 

angle,  161. 

bar,  161. 

■  Beams,  Hodgkinson'8Formnl»,611 

■  case  hardening  of,  163. 

■  cast,  156, 166. 

cast,  pig,  155. 

cast,  quality  of,  156. 

Cast  (in  Tension),  481,  486,  488. 

■  CSast,  (in  Compression),  504,  516,1 

525. 
Chains,  491. 

■  Combination  of  Cast- and  Wrought-, 

535. 

—  corrugated,  161. 

cost  of  castings  at  Roorkee,  157. 

fastenings,  protection  of,  256. 

flat,  used  in  bond,  827. 

galvanized,  162. 

Indian,  169  to  176. 

■  piles,  cost  of,  401. 

preservation  of,  162. 

rod, 161. 

m  screw  piles,  408. 

■  Set    in,    Hodgkinson's    formulaei 

548. 
» sheet,  161. 

■  tubular  foundations,  405. 

. .  Wrought,  168. 

Wrought  (in  Tension),  481,  487, 

488. 

, Wrought  (in  Compression),  504, 

516,  526. 


Jack  screws,  283. 

Jaghery  mixed  with  mortar ^  119. 

Jham,  411. 

Joggles  and  dowels,  311. 

Joiners'  work,  294. 

Joint,  560. 

Joints,  242. 

angle,  244. 

fish,  249. 

Free,  HTpothesLs  of,  563. 

—  king-post,  245. 

— —  mortise  and  tenon,  243. 

notch,  247. 

of  mptuze  in  arches,  349. 

stmt  and  tie,  244. 

Joist  floor,  bridging,  288. 


Irrigation  pipes,  64. 


Keying  and  uncentering  of  arches,  863^ 
Kiln,  Akra,  38. 

cost  of  manafactnre  of  a,  106. 

English,  brick,  82. 
Hoffmann's,  47. 

Indian  brick,  34. 

intermittent,  101. 

Sindh,  flame,  36. 

-^-—  lime,  American,  103. 

Dehra  Doon,  104. 

English,  102. 

fuel  for,  100. 

Kurrachce,  105. 

perpetual,  107. 

Madras,  108. 

Kinetic  Energy,  472. 
King-post,  a  Misnomer,  583. 
joints,  245. 
Truss,  268. 
■  Truss,  Stresses  in,  by  Method   c 
Resolution,  580  to  584. 

by  Polygonal  Method,    597,    E: 

4,  5,  6. 
King-rod,  583. 

Kirkaldy*s  Experiments  on  Iron,  488. 
Kucha  masonry,  340. 
pucka  masoniy,  839. 
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Kucha  walls,  341. 

Kankar,  68. 

lime,  116, 117. 

L. 

Laoqner,  184. 

Laminated  ribs,  254. 

Lead,  166. 

Length  of  "  PUlar  ",  Effect  of,  611, 612, 614- 

Lengthening  timbers,  248. 

Level,  mason's,  209. 

Lewis,  817. 

Limes,  hjdranlic,  73. 

Lime  analysis,  69. 

— —  boulder,  117. 

— ^—  bnmiog,  99. 

classification  of,  72. 

■  hydraulic,  83. 
kunkur,  116,  117. 

—  native  method  of  burning,  109. 

■  practical  mode  of  testing,  71. 
quick,  66. 

slaking,  110,  111,  112. 

Lime  kiln,  fuel  for,  100. 

■  American,  103. 

■'  Dehra  Doon,  104, 
English,  102. 

■  intermittent,  101. 

• Kurrachce,  106. 

Madras,  108. 

perpetual,  107. 

Lime-stone,  7. 
Linseed  oil,  1 80. 
Litharge,  180. 

Load,  Application,  469. 

—  Dead  and  Live,  451,  456,  466. 
'  Intensity,  466. 

—  Intensity,  Measure  of,  468. 
Line,  692. 

—  on  Roof,  Permanent,  566 — (1). 

Accidental,  666 — (2). 

■  at  Joints  in  Trusses,  666. 

—  at  Joints  in  Trusses,  General  For- 

mulas, 678. 
— — ^  Distribution  in  Roofs,  668. 
— -  Normal,  666,  667. 

■  suddenly  applied,  476. 
Total,  468,  469,  470. 


Load  on  roofs.  Vertical,  168,  566,  567. 
Logarithmic  curve,  498. 


Machine  made  bricks,  29. 
Madras  lime  kiln,  108. 
Mahewah,  brick  field  at,  35. 
Manufacture  of  cement,  rules  for,  82. 

of  a  kiln,  cost  of,  106. 

of  tiles,  67. 

Marble,  7. 

Margary's  process  of  protecting  Timber, 

149, 150. 
Marks,  bench,  206. 
Marsh,  embankments  over  a,  236. 
Marshy  soils,  394. 
Mason's  level,  209. 
Masoniy,  304. 

ashlar,  305,  320. 

brick,  322,  et  seq. 

dams,  447. 

hollow,  338. 

in  Compression,  604,  607  (5),  624. 

kucha  pucka,  339. 

kucha,  340. 

plastered  or  pointed,  837. 

rubbled,  course,  318. 

rubbled,  common,  319. 

stone,  305,  et  seq. 

stone,  good  specification  for,  321. 

in  Tension,  492. 


Mastics,  185. 

Materials  in  Compression,  523  to  527. 

in  Tension,  485  to  492. 
Measure  of  Deflcxional  Elasticity,  549, 660. 
Measuring  tape,  205. 
Measurement  of  timber,  151. 
Mechanics,  Applied,  Sec  V. 
Mensuration  of  earthwork,  193* 
Metal,  beU,  168. 

gun,  168. 

Metals,  153,  et  $eq. 

Indian,  169. 


Method  of  setting  out  staircases,  298,  299. 
Methods  of  framing,  various,  245. 
Mica  slate,  5. 
Mill,  pug,  25. 
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Mode  of  coDiifictiiig  rafters,  245.  | 

Modes  of  stmttiDg  floors,  289. 
Moduli  of  Elasticity,  641. 

Resilience,  568. 

Tables  of,  Appendix  IT. 

Tenacity,  Crnshing,  Shearing  and 

Transverse  Strength,  Tables  of, 

Appendix  11. 
Modnlos  of  Crashing,  504. 

■  Raptnro,  458. 

—  Shearing,  461. 

Tenacity,  481. 

Tensile  Elasticity,  543,  544. 

m  Transverse  Elasticity,  546. 
■^  Transverse  Rupture,  608. 
Mortar,  applying  of,  120. 

■  compositioii  of,  114, 115, 118. 

■  definition  of,  67. 
• — —  forming  of,  118. 
... —  hydraulic,  88. 
,  in  arches,  cohesion  in,  848. 
.i^-^  jaghery  mixed  with,  119. 

. strength,  of,  93. 

Mortise  and  tenon  joint,  243. 
Moulding  bricks,  28. 
,  bricks,  implements  for,  80. 
tiles,  67,  58. 

N. 

Native  method  of  burning  lime,  109. 
Nature  of  subsoils,  388. 
Notation,  General,  461. 
.  for  Compression,  004. 

for  Elasticity,  642. 

for  Stresses  in  Trusses,  577,  678. 

for  Tension,  481. 


Notch  joints,  247. 


o. 


p. 

Painting,  process  of,  181. 
Paints,  179. 
Pan  tiles,  56. 
Papering,  187. 
Partitions,  timber,  291. 
Pasley's  cement,  75. 
Pent  roof,  260. 
Perpetual  kilns,  107. 
Pewter,  168. 
Phaora,  214. 
Pickaxe,  211. 
Pig  iron,  cast,  155. 
Pile  engine,  396. 
Pile-driving,  Theory  of,  655. 
—  Practical  rule,  566. 


Obli(iue  arches,  871. 

scarting,  248. 

Oil,  linseed,  180. 

Oolite,  7. 

Open  (Unbraced)  Polygons  in  Roofs,  564 

— ^--  Example  of,   under  Unsymmetric 

Load,  597,  Ex.  10. 
Ordinary  well  excavator,  Fouracres*,  413, 


Piles,  895. 

Strength  of  timber,  528. 

cast-iron,  401. 

iron,  screw,  403. 

Prestage's  expanding,  402. 

sheet,  899. 
Pillar  of  uniform  Strength,  531. 
"  PiUars",  503. 

«  Long"  and  "  Very  Long  ",  610 1 

521. 
"Short",  507  to  509. 

"  Very  Short",  606. 

Pipes,  irrigation,  64. 

Pise  walls,  342. 
Pitchof  aroof,  261. 
Plastered  masonry,  337. 
Plasters,  132. 
Pliability,  536. 

Names  of  various,  459. 

Plumb  rule,  bevil,  207, 
Pointed  masonry,  337. 
"  Polygon  of  Forces,"  690. 

of  Loads,"  592. 

Polygons,  Unbraced,  in  Roofs,  564. 
**  Polygonal  •*  Method  for  Roofs,  573,  S 
690  to  596. 

Examples,  697. 

Portland  cement,  76. 
Porphyry,  6. 
Pot  tiles,  66, 
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Fotntiid  Encrg]r,  473. 
Ftacdcal  mode  of  tetting  lime,  71. 
Frecantions  against  settling,  834. 
Fkeparation  of  brick  earth,  28. 

—  of  tUe  clay,  67. 
Freaeryation  of  iron,  162. 

of  stone,  16. 

of  timber,  149, 15a 

Ftessnre  on  centres,  275,  276. 
Ftessores  on  Supports,  569, 570. 
Preetage's  expanding  piles,  402. 
Principles  of  vanlting,  878. 

— ^  of  constmcting  centres,  278. 
Ftocess  of  digging  earthwork,  218. 
Proof  Load,  Strain,  Besistance,  Strength, 

or  Stress,  456. 
Protection  of  iron  fastenings,  25GL 

—  of  timber  fastenings,  256. 
— ^—  of  side  slopes,  288. 
Pnddling  earthwork,  287. 
Pog-mill,  25. 

Pmnp,  sand,  419. 
Punning,  286. 
Parlins,268. 
Pnzznolana,  89,  90,  91, 92. 

Q. 

Qnalities  required  in  stone,  8. 

Quality  of  wrought-iron,  160. 

^— i  cast-iron,  156. 

Quarrying,  18. 

——  at  Furtapore,  21. 

Qnarti,  5. 

Queen-post,  a  Misnomer,  588. 

Queen-post  truss,  264, 

-*— —  scantlings  for,  264, 265. 

— -  Stresses  in,  by  Method  of  Resolu- 
tion, 585  to  589. 
■  by  Polygonal  Method,  597,  Ex.  10. 

Queen-rod,  588. 
Quick  lime,  66. 

R. 

BabbUng,  159. 

Bafters,  mode  of  connecting,  S46. 
Baf ters,  Beasona  for  bradng  or  stnittiDg, 
558. 


Bafters,  Examples  of  Scantlingt  of,  page 

561. 
Bain-absorption  in  B00&,  566  (2). 

Bampant  arches,  868. 

Be-actions  of  Supports  in  Boofs,  571 

'     General  FormulsB,  578. 
Becipes  for  coloring  walls,  188. 
Believing  arch,  445. 
Besilience,  477. 

Direct,  552. 

Besistance,  458,  455, 456. 
Uesistance-intensity,  456. 
-^—  Measure  of,  468. 
Total,  469,  470. 


Besolntion  of  Load  at  Joints  of  Trusses, 

578. 
Method  of,  for  Boofs,  578, 574, 579 

to  589. 
Betaining  walls,  480. 
—  best  form  of,  487. 

■  calculation  of  thrust,  482. 

■  counterforts,  448. 

■         depth  of  foundations,  489. 

.  precantions  against  water  in,  441. 
Bevetments,  hollow,  444. 
Bibs,  bent,  252. 

built,  258. 

— » laminated,  254. 
Bigidity,  586. 
Bock,  890. 
Bod  iron,  161. 
Boilers,  clay  crushing,  24. 
Boman  cement,  74. 
Bondelet's  Formula,  519. 
Examples  of,  588L 


Boof  at  Allahabad,  27a 
at  Bombi^,  269. 


Boof  drainage,  262. 

"  for  a  church,  266. 

—  pent,  260. 

pitch  of  a,  261. 

rafters,  263. 

Syrian,  884. 

Sindh,  888. 

■  teirace,  257. 
trussed,  260. 


Boof-Trusses,  Stresses  in,  Chapter  XXY. 
— —  see  TrnsseSi 
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Roofs,  257,  et  ieq, 

■  flat,  difladTantagefl  of,  259. 

— —  inclination  of,  259. 

scantlings  for,  258. 

'  two  Methods  compared,  574. 

■  wood  and  iron  in,  268. 
Rope  {iee  Cordage),  490. 
Rabble  masonry,  coursed*  818. 

■  conmion,  819. 
Roles,  bevil  plomb,  207. 
Raptore  in  arches,  joints  of,  849. 

■     Modolos  of,  458. 
TransTerse,  608. 

8. 

Safe  Stress-Intensity,  481,  504. 
Safety,  Factor  of,  457,  481,  504. 

for  Live  Load,  457,  476,  554. 

Sand  bags,  286. 

'  boxes,  285. 
-^—  cylinders,  284. 

'  pnmp,  419. 


Shearing,  Strength,  Table  of  Moddn  d 

Appendix  II. 
Sheer  steel,  163. 
Sheet  iron,  161. 
piles,  399. 


Shovel,  212. 

Side  slopes,  protection  of,  233. 

widths  in  earthwork,  202. 
Siliceons  stone,  5. 
Sindh  flame  kiln,  36. 

roof,  885. 

tiles,  60. 


< 


^  stone,  5. 
Scaffolding,  313, 338. 
Scantlings,  272. 

■  Example  of  calculation  for  Roof, 
Page  573 
—  for  a  queen-post  truss,  264, 265. 

for  flat  roofo,  258. 

Scarfing,  248. 
Scoop,  218. 
Scott's  cement,  78. 
Screw  piles,  iron,  403. 
Screws,  jack,  283. 
Seasoning  of  timber,  146. 
Section  areas,  earthwork,  196. 
Self-closing  deep  well  excavator,  Four- 
acres*,  415. 
Semi-elliptical  arches,  353. 
Seotee,  coffer-dam  at,  424. 
Setting  out  earthwork,  200. 
Set,  537. 

'  Hodgkinson's  Formulie  for,  548. 

Settlement  of  embankments,  227,  et  $eq. 
Settling,  precautions  against,  334. 
Shears,  314. 
Shearing,  459. 


Single  joisted  floors,  288. 
Skew  arches,  372. 
Slaking  lime,  110,  111,  112. 
Slate,  chlorite,  5. 

day,  6. 

^^—  Granwacke,  6. 
^^—  mica,  6. 
SUding  sash,  296. 
Slips  in  earthwork,  225. 
Slopes  of  earthwork,  190, 192. 

side,  protection  of,  233. 

Smelting,  155. 

Snow  on  Roofs,  566. 

Soap  stone,  5. 

Soils,  marshy,  394. 

Soldering,  168. 

Soorkee,  26. 

Specifications,  brickwork,  343  344. 

for  good  stone  masonry,  321. 

Spelter,  165. 

Stability,  calculations  of,  431. 

of  earthwork,  190,  191. 

Conditions  of,  463,  466. 

Stacking  of  timber,  I45, 

Stages  in  earthworis,  224* 

Staves,  boning,  210. 

Staircases,  297. 

examples  of,  300,  30a 

method  of  setting  ont,  298,  299. 

plans  of,  300. 


Steel,  163. 

Bessemer,  163. 
blister,  163. 
cast,  168. 
sheer,  163. 


Steel,  487, 488. 
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Stiffness,  defined,  536. 

^—  in  Beams,  612. 
Stiffness  in  Strnctnres,  465. 

Stone  arches,  bond  of,  360. 
■  ■  argillaceons,  6. 

■  artificial,  Rsnsome's,  17. 

■  ■  artificial  SoreVs,  17. 

artificial  Victoria,  17. 

ashlar,  305,  806,  320. 

■  block  in  course,  307. 
bond,  310. 

■  calcareous,  7. 

choice  of,  2. 

classification  of,  4. 

■»  coping,  308. 

decaj  of,  2. 

dressing.  309,  312. 

durability  of,  15. 

Qwalior,  8. 

its  use  limited  in  India,  1. 

Madras,  12. 

masonry,  305,  et  seq» 

Neelgherry,  11. 

Orissa,9. 

preservation  of,  16« 

»  Punjab,  13. 
-  qualities  required  in,  3. 
quarrying  of,  18,  21. 
siliceous,  5. 
strength  of,  306. 
Trichinopoly,  10. 
Strain,  452, 455,  456. 
,  Intensity,  Measure  of,  468. 

. *  Names  of  various,  459. 

Strength,  453,  455,  456. 

■  Conditions  of,  464,  466. 
I  Names  of  various,  459. 

«.—  of  mortar,  03. 
».  of  stones, 306. 

.- of  timber,  143. 

Stress,  454,  455,  456. 

. •  Character  of,  in  Boof  Bars,  593, 

597  Ex.  1. 
-  Diagram  for  Hoofs,  591, 595. 

■  Intensity,  456. 

,  Intensity,  Measure  of,  468. 

Stress,  Names  of  various,  459. 


Stress,  Total,  469,  470. 
Striking  centres,  281. 
Structure  of  timber,  140. 
Strut  and  tie  joint,  244. 
Struts,  263. 

in  Roofs,  Reason  of  numerous,  561. 


Strutting  floors,  modes  of,  289. 
Stucco,  136. 

Sub-aqueous  excavator,  Webb's,  418. 
Sub-soils,  compressible  earths,  392. 

■  hard  earths,  391. 

■  marshy  soils,  394. 
— —  nature  of,  388. 
rock,  390. 

—  wet  soils,  393. 
Suddenly  applied  Load,  476,  552. 
Support  of  Beams,  602. 

**  Supported  Beam,"  602. 
Swinging  windows,  296. 
Syenite,  5. 
Syrian  roof,  384. 

—  tiles,  59. 


T. 

Tables  of  Constants  of  Strength,  and)  S 
Elasticity,  (^  -^ 

■         of  heaviness  of  Materials, 


-  of  3'6th  and  l*7th  powers, 
'  of  scantlings,  273. 
of  scantlings  for  flat  roofs,  258. 


Tape,  measuring,  205. 
Talc,  5. 

Tangential  Strain,  Resistance,  Stress,  459. 
Technical  terms.  Vocabulary  of,  Appen- 
dix m. 
Tenacity,  Modulus  of,  481. 

Table  of  Modulus  of,  Appendix  IL 


Tension,  Chapter  XXIL 

and  Compression  contrasted,  534, 

535. 
Examples  in,  597,  Ex.  8. 


Tenon  and  mortise  joint,  243. 

Terra  cotta,  49,  53. 

Terrace  roof,  257. 

Testing  lime,  practical  mode  of,  7K 

Theory  of  arches,  346^ 


s 
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» 
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Thickness  of  abntments  of  arches,  862. 

— —  of  arches,  860, 

Thrust  of  arches,  850, 851. 

'  of  calculation  of,  850. 

Tie-Beam,  a  misnomer,  588. 

Tie-beams,  26a 

Tie-iod,58a 

Tie-joint,  244. 

Tiles,  Atkinson's,  59. 

■  homing,  57,  58. 
'  daj,  for,  preparation  o^  67. 

'      colored,  62, 

—  cost  of,  57,  58. 
— —  drain,  63. 
flat,  68. 

■  flooring,  61. 

■  Qoodwyn's,  69. 

—  manofactare  of,  67. 
-^—  moulding,  57, 58. 

■  pan,  56. 
I  pot,  56. 

— —  Sindh,  60, 
■    Syrian,  59. 
Tilt  wagons,  217. 
Timber,  189. 

classiflcation  ol,  142. 

■  fastenings,  protection  of,  256. 
— —  (in  OompreflsioD),  604,  616>  619, 

627. 

(in  Tension),  481,  489. 

—_  measurement  of,  151, 
'  partitions,  291. 

■  preservation  of,  149,  150. 
seasoning  of,  146. 
stacking  of,  145. 
strength  of,  143. 

■  stmctore  of,  140. 

■  trees,  Indian,  152. 
Timbers,  lengthening,  248. 
Tin,  167, 168. 

T-iron  Rafter,  Example  of,  597,  Ex.  8. 

Struts  526-<4)  and  (6). 

Ties,  482. 

Tools,  boring,  221. 

-digging,  211. 

— —  lor  earthwork,  211. 

Total  Load,  Resistance,  Stress,  468  to  470. 

Strain,  468. 


Total,  Working  Streasea  in  Boofs,  696. 
Transrerse,  (Tangenticnl)  £lasticit:r>  646. 
Table  of  Modnlos  of.  Appendix  H. 
Transyerse  Stzain,  Chapter,  XXYL 

defined,  459,  69& 

in  Roofs,  SeO. 

Method  of  Breaking  Wei^itB,  607 
to  611, 

nature  of,  90i. 

Table  of  Modnlos,  Appendix  IL 

Treatment  of  Problems^  805,  606. 
Trap,  5, 14, 
Tredgold's  estimation  of  Wind  on  Boofi, 

566— (2). 
Trees,  felling  of,  Ul. 

growth  of,  144. 

Indian  timber,  162, 
Trinmiers,  290. 
Truss,  558. 

hammer-beam,  267. 

king-post,  26& 

queen-post,  264. 

King-post,  atieaaeB  in,  hy  Method 
of  Resolution,  680  to  684. 

Queen-post,  Streasea  in,  bjMetiiod 
of  Resolution,  685  to  689. 
Trussed  girders,  260. 

roof,  26a 


Trusses,  Stresses  in,  Examplea  by  Mediod 
ii,  597. 

King-post  with  Strata,  697,  Ex.  4, 

6,6. 

—  Queen-i>0Bt,  697,  Ex.  10. 
simple  triangular,  697,  Ex.  1. 

—  triangular,  braced,  697,  Ex.  S,  8L 
with  braced  Raftm.  697,  Ex.  7,  8. 

—  with    numerous   S^ng-roda,    697, 
Ex.9. 

Tubular  foundations,  iron,  405. 

Tudor  arch,  856. 

Tunnels,  870. 

Turpentine,  180. 

Twisting  Strain,  459,  626— (Q* 

■  in  Beams,  601. 
in  Roof  Trusses,  559. 

u. 

Ultimate  Lotd,  Stnin,  ^»^«*nni>tt.  Stitngth 
or  Stress,  456. 
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XTncentering  and  keying  of  archM,  S68. 
Under-ground  arches,  870s. 
•  Uniform  Load,  Resistance,  Stress,  470— L 
■  Strength,  Chain  of,  498. 

Uniformly-vaiying  Load,  Resistance,  Stress, 

470— IlL 
Unstrained  Bars  in  Trasses,  57  o. 

V. 


Weight  on  Boofs,  Me  Load. 
of  Pillars,  680. 


Weight  of  Ties,  483. 
Well  curbs,  416. 

excavator,  deep  well,  414. 

-^—  Fouracres',  418. 

•»— -  foundations,  406. 

— —  excavator,  ordinary,  413. 

■  self-closing  415. 
Wet  soils,  898. 


Variable  Load,  Resistance,   Stress    an^ 

Strain,  Measure  of  Intensity  of,!^^®*!  barrows,  215 
^^^  Whinstone,  5. 

Total  of,  470— n. 


Varnish,  184. 

Vaulting,  877. 

»  cylindrical,  877. 

I  principals  of,  878. 

Vocabulary  of  Technical  terms,  Appendix 

nL 

Volumes,  earthwork,  197. 

w. 

Wall  plates,  268. 

'  notch  joints,  applicable  to,  247. 

Walls,  breast,  446. 

■  coloring,  182. 

kucha,  84L 

pi86, 842. 

■  retaining,  480. 

■  retaining,  best  form  of,  487. 
Water,  foundations  in,  420. 

-     in  retaining  walls,  precautions  a- 
gainst,  441. 
Webb's  sub-aqueous  excavator,  418. 
Wedges,  282. 
Wdght  of  bricks,  27. 

I  of  a  cubic  foot  of  material,  Tables 

of,  Appendix  IL 


White  zinc,  180. 
Whitewash,  188. 
Wind  on  Roofs,  566— (2). 
Windows,  296. 

casement,  296. 

—  sliding  sash,  296. 


-«  swinging,  296. 


Wood  and  iron  in  roofs,  268. 

*  Work,"  471. 

Working  Load,  Strain,Reeistanoe,  Sti 
or  Stress,  456. 
Stress  or  Strain,  589. 
Stresses  in  Roofs,  Total,  59< 
Example  of,  597,  Ex.  & 


Workmen,  distribution  of,  on  eart 
216. 
on  Roofs,  566— (2). 


Wronght-Lron,  158. 

principal  forms  of,  161. 

quality  of,  160. 

rabbling,  159. 

— —  Strength  of,  tee  Iron. 


z. 


Zinc,  165. 
white,  180. 
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